Kinetics and Mechanism of the Reactions of Peptides and their Metal Complexes with Ninhydrin in Aqueous and Micellar Media by Zaidi, Neelam Hazoor
KINETICS AND MECHANISM OF THE REACTIONS 
OF PEPTIDES AND THEIR METAL COMPLEXES 
WITH NINHYDRIN IN AQUEOUS AND 
MICELLAR MEDIA 
ABSTRACT 
''v ^ OF THE a 
* 1 . * ' 
^ ^ s v » 
THESIS ^ ^ ^ 1 ^ 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
I ©octor of ^l)iIo2(Qpl)p 
IN 11 '" 1! ry 
CHEMISTRY J?y 
NEELAM HAZOOR ZAIDI 
DEPARTMENT OF CHEMISTRY 
AL IGARH M U S L I M UNIVERSITY 
AL IGARH ( INDIA) 
2008 
. . s v » ^ 
^ Araf* / " 
ABSTRACT 
The mechanism of a chemical reaction cannot be fully described without 
the determination of its rate. The kinetic study of a wide range of chemical 
processes is seen to be of essential importance, not only in pure research but 
increasingly in industrial research, development and, in some instances, in quality 
control and analysis as well. Kinetic methods have become an essential technique 
in photochemistry, enzyme chemistry, study of chemical catalysis, etc. 
Surfactants are referred as amphiphilic, amphipathic, heteropolar or 
polar/nonpolar compounds, as they possess distinct regions of hydrophobic (water 
repelling) and hydrophilic (water loving) character in their molecules. The 
utilization of surfactants as reaction media affects rates, products, and in some 
cases, stereochemistry of the reactions. Mechanistic work on micellar effects is 
typically done using reactant concentrations much below those required for 
normal preparative work. Micellar solutions in some cases have proved superior 
to organic solvents as reaction media to obtain better yield. Evidence is now 
accumulating which indicates that studies of chemical reactions in micellar media 
could provide an understanding about the reactions, which take place at the 
interface. 
The influence of organized media (micelles, vesicles, membranes, etc.) on 
the course of a large variety of chemical and biochemical reactions is now well 
documented. Ionic micelles typically increase rates of reactions of reactive 
counter ions with hydrophobic substrates that bind to micelles. These rate 
increases are due to higher local concentrations of both reactants at the micelle-
water interface as compared to their stoichiometric concentrations. 
The ninhydrin-amino acid reaction has been a subject of extensive studies 
since the discovery of ninhydrin in 1910.' This reaction got a potential application 
in qualitative and quantitative estimation of a-amino acids. This reaction is also 
used to develop the latent fingerprints. A number of workers ' have modified the 
ninhydrin reagent by introducing metal ions to the reaction mixture with the 
objectives to (i) enhance the stability of the color; (ii) obtain reproducible results; 
(iii) lower the detection limit; and (iv) identify intermediates formed during the 
reaction. In presence of metal ions the actual reaction takes place between 
ninhydrin and metal-coordinated amino acid. In case of ninhydrin-peptide 
reactions too, metal ions play a similar role. 
The preceding facts show the importance of the ninhydrin-amino 
acid/peptide reactions and of a possible role a micelle can play during the course 
of such reactions. This method could find some applications to improve contrast 
and visualization of ninhydrin developed fingerprints and may prove a step 
forward from the methods already used in current forensic research. For this 
reason we have performed a systematic kinetic study of the peptides/metal-peptide 
complexes-ninhydrin reactions in presence of cationic micelles at different 
temperatures as well as at different concentrations of a variety of salts to 
maximize the rate. The peptides used were glycyl-glycine (Gly-Gly) and glycyl-
L-leucine (Gly-Leu) and their metal complexes with Cr(III), Ni(II), and Cu(II). 
The lay out of the thesis is as follows: (i) Chapter 1 - General 
Introduction; (ii) Chapter 2 - Experimental; (iii) Chapter 3 - Kinetics and 
Mechanism of Peptide-Ninhydrin Reactions in Aqueous and Micellar Media; and 
(iv) Chapter 4 - Kinetics and Mechanism of Metal-Peptide Complex-Ninhydrin 
Reactions in Aqueous and Micellar Media. 
Chapter-1 comprises of an introduction of surfactants and their 
classification, micellar aggregates/critical micellar concentration, ninhydrin-
amino acid/peptide and ninhydrin-metal-coordinated peptide reactions, kinetic 
models in micellar catalysis, and statement of the problem. It also includes 
pertinent literature survey of the work performed on the kinetic and mechanistic 
studies of the ninhydrin reactions in aqueous as well as micellar media. 
Application of pseudo-phase model for micelle-catalyzed reactions gives the 
pseudo-first-order rate constant as 
k'w+ k'n, Ks[Dn] 
K= (1) 
1 + Ks[Dn] 
where k'w and k'm are the pseudo-first-order rate constants in aqueous and 
micellar pseudo-phases, respectively. Ks is binding constant of substrate with 
micelles and [Dn] is the total [CTAB] less that of monomer, i.e., [D^] = [CTAB] -
cmc. 
Chapter-2 contains experimental details. The source and purity of various 
reactants and surfactant are mentioned in this chapter. Procedure for the 
preparation of solutions, pH measurements, determination of the composition of 
the products by Job's method of continuous variations, kinetic measurement 
details and deterrtiination of cmc under the reaction conditions have been detailed. 
As the formation of a complex between a particular metal-coordinated peptide and 
mrinydiin is accoTivp i^Tiiti kfy Tippfid'iffizt t.? -h 'iki'ici'iiz\vi\'^*ci't f^o-sorplTOTi k/hrA, 'iVit 
spectra of the reaction products obtained under varying conditions are also 
presented. As no change in the absorption maximum (^ max) was observed in the 
absence and presence of CTAB micelles, it is inferred that the same reaction 
product is formed both in the aqueous as well as in CTAB solutions (Figs. I and 2). 
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Fig. 1: Absorption spectra of the reaction product of Gly-Gly and ninhydrin in absence and 
presence of CTAB rnicelles at pH 5.0: (A) immediately after mixing the reactants, [Gly-Gly] = 
1.5 X 10"'' mol dm~\ [ninhydrin] = 6.0 x 10" mol dm~ ; (B) same as solution(a) in presence of 
[CTAB] = 20 X 10"' mol dm"^ (C) after heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2: Absorption spectra of the reaction product of [Cr(III)-Gly-Gly]^^ and ninhydrin in 
absence and presence of CTAB micelles at pH 5.0: (A) immediately after mixing the reactants, 
[Cr(in)-Gly-Gly^"] = 2.0 x 10'* mol dm"\ [ninhydrin] = 6.0 x 10"' mol dm''; (B) same as 
solution(A) in presence of [CTAB] = 20 x 10'' mol dm"'; (C) after heating solution(A) at 70 °C 
for 2h; (D) after heating solution(B) at 70 °C for 2h. 
Different experimental conditions were adopted by varying the 
concentrations of peptide, ninhydrin, CTAB, inorganic (NaCl, NaBr, Na2S04) and 
organic (NaBenz, NaSal, NaTos) salts to elaborate their role in the formation of 
product which are discussed in Chapter-3. The values of rate constants were 
found to be independent of the initial concentrations of peptide showing a first-
order dependence of the rate of reaction on peptide concentrations. The non-linear 
dependence of rate constants vs. [ninhydrin] indicated fractional-order with 
respect to [ninhydrin]. Thus, it has been observed that the dependence of rate of 
reaction on peptide and ninhydrin concentrations in presence of CTAB is similar 
to aqueous medium. It is, therefore, inferred that the mechanism (Scheme 1) is 
same in both the media. 
The general mechanism for reaction between ninhydrin and amino acids is 
well known. Amino acids, on interaction with ninhydrin, produce a purple-
colored product, called diketohydrindylidenediketohydrindamine (DYDA). 
Different amino acids (except proline) react with different rates but all produce 
the same final product. ' The amount of the reaction products depends upon 
temperature, pH, and reactant concentrations. In the present case, the 
condenst tion between carbonyl group of ninhydrin and amino group of peptide 
takes ph.ce. The reaction starts through the attack of lone-pair of electrons of 
amino nitrogen (of peptide) to the carbonyl carbon (of ninhydrin) to give Schiff 
base, A. This Schiff base is unstable and hydrolyses to give 2-aminoindanedione, 
B, which reacts slowly with another ninhydrin molecule to yield the product, 
DYDA (P). 
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S c h e m e 1: T h e s c h e m e of p e p t i d e - n i n h y d r i n r e a c t i o n . 
The rate constant (kv^ ) in micellar medium increased with increase in 
[CTAB], reached a maximum value, and then, with further increase in CTAB 
concentration, a decreasing effect was observed. The kir-[CTAB] profile shape 
(l^ig. 3) is perfectly general being a common characteristic of bimolecular 
njactions catalyzed by micelles.^'" 
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Fig. 3: Effect of [CTAB] on the reaction rate of Gly-Gly with ninhydrin. Reaction 
conditions: [ninhydrin] = 6.0 x 10"^ mol dm"\ [Gly-GIy] = 1.5 x 10"'' mol dm"^, pH = 5.0, 
temp. = 70 °C. 
As the the absorption band of the products remained unchanged in the 
presence of CTAB micelles, it is concluded that the reaction mechanism remains 
the same in the presence of cationic micelles as that in aqueous medium. The rate 
increase for many reactions upon addition of surfactants has been explained on the 
basis of the following Scheme 2, proposed by Menger and Portnoy and 
developed by Bunton'" and Romsted.'^ 
(PepXv+Dn ^ ^ ^ 1 ^ (Pep)n, 
+ + 
Nw + Dn -^^H_ N. 
k' k' 
K vv "^  m 
• Products-* 
Pep = Giy-Giy, Gi)^ Leu 
Scheme 2 
The data obtained in micellar medium have been treated by considering the 
distribution of reactants (peptide and ninhydrin) in aqueous and micellar pseudo-
phases. Corresponding to the Scheme 2, the following rate equation was obtained: 
k\, + k'^ Ks [D„] 
K = (2) 
1 + Ks [Dn] 
which can be modified as 
k^[N] + (Ksk;, - K) M N ' [Dn] 
k,, = (3) 
1 + Ks [Dn] 
Values of the second-order rate constant (k^, s ) and binding constants (Ks, KN, 
moP' dm^) were obtained using a computer based program (Table 1). 
10 
The conversion of km (s ') into second-order rate constant (k2'^ , mol' 
dm'' s'') requires tiie exact value of volume of the micellar p^ewt/o-phase (Vm). The 
value of Vm = 0.14 dm^ mol"' has been widely used.'^ Therefore, k2'" was 
calculated from the relationship k2'^  =" Vm km. The second-order-rate constants k2"' 
and kw are similar in magnitude (Table 1). Generally, kw> k2'" for many 
bimolecular reactions in aqueous and micellar pseudo-phases. However, there are 
many examples in which k2'" is similar in magnitude with kw. 
The decrease in k4< beyond particular concentration of CTAB could be 
explained as follows: at high [CTAB], practically all the substrate has been 
incorporated into the micellar phase. When bulk of the substrate is incorporated 
into the micelle, addition of more CTAB generates more cationic micelles, which 
simply take up the ninhydrin molecule into the Stem layer, and thereby deactivate 
them, because a ninhydrin molecule in one micelle should not react with the 
complex in another.''* Another reason of decrease in k^ . could be a result of 
counterion inhibition. 
Because of the different properties of micellar pseudo-phase it is not 
possible to precisely locate the exact site of the reaction but at least localization of 
the reactants can be considered. Most of the ionic micelle-mediated reactions are 
believed to occur either inside the Stem layer'^ or at the interface between 
micellar surface and bulk water solvent.'^'^ The micellar surface can attract or 
repel ionic species due to electrostatic interactions whereas hydrophobic 
interactions can bring about the incorporation of the reactants into micelles The 
observed catalysis is due to the increased concentration of both ninhydrin and 
11 
peptides in the Stern layer of micelle. Beside this, micelles also exert a medium 
effect influencing reactivity (the effect arises from a combination of cage, 
preorientation, microviscosity, polarity, and charge effects. ) 
Salts have shown a complex effect on the reaction rates of ninhydrin with 
peptides. Rate enhancement or inhibition of micellar catalysis by added 
electrolytes can be considered to be due to exclusion of the reactants from the 
micellar p5ewfi^o-phase"''^'^' and/or change in shape and size^ of micelles. Here 
the sah effect on the micellar catalysis is considered in the light of its competition 
between counterions and substrate molecules which interact with the micelles 
electrostatically and hydrophobically. 
The effect of temperature on reaction rates of ninhydrin with peptides was 
studied to evaluate activation parameters (Eg, AH'^ , and AS'^ ). Comparing the 
values we find that the presence of CTAB micelles lowers the AH'^  with a 
substantial negative AS^. This lowering occurs not only through the adsorption of 
both the reactants on the micellar surface but also through stabilization of the 
transition state. 
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TABLE 1 
Kinetic results for the reactions of ninhydrin with peptide/metal-peptide 
complexes in CTAB micelles at constant peptide/[Met-Pep]"*, [ninhydrin], 
temperature and pH. 
Peptide/Metal-peptide 10^^ 10^2'"' ^N ^S 
Complex (s"') (moP'dm^ s'") (moP'dm^) (moP'dm^) 
Gly-Gly 
Gly-Leu 
[Cr(IlI)-Gly-Gly]-' 
[Ni(II)- Gly-Gly]" 
[Cu(II)-Gly-Gly]" 
[Cr(III)-Gly-Leu]^" 
[Ni(II)- Gly-Leu]" 
[Cu(II)- Gly-Leu]" 
2.0 
6.8 
6.6 
1.5 
3.0 
1.4 
6.3 
7.9 
0.28 
0.95 
9.2 
2.1 
4.2 
1.9 
8.8 
11.0 
69 
67 
67 
84 
65 
61 
79 
73 
317 
140 
18 
5 
4 
26 
43 
37 
%"' = 0.14k„:c/:Ref 13. 
Studies were aimed at exploring yet another aspect of the effect of cationic 
micelles (CTAB) upon metal-peptide complex-ninhydrin reactions and to check 
whether CTAB micelles change the aqueous reaction mechanism. The results of 
systematic kinetic studies of ninhydrin reaction under different experimental 
conditions, at different concentrations of metal-peptide complexes, ninhydrin, 
CTAB (Fig. 4), inorganic (NaCl, NaBr, Na2S04) and organic salts (NaBenz, 
NaSal, NaTos) are discussed in Chapter-4. It was found that the reactions follow 
the same first-order and fractional-order kinetics with respect to [Met-Pep""] and 
[ninhydrin], respectively, in both aqueous and micellar medium. 
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Fig. 4: Effect of [CTAB] on the reaction rate of [Cr(III)-Gly-Gly]^^ complex with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10" mol dm '\ [Cr(III)-Gly-Gly^"] = 
2.0 X 10"" mol dm"^ pH = 5.0, temp. = 70 °C. 
The studies confirmed that the reactions proceed through formation of a 
ternary labile complex in which peptide and ninhydrin are coordinated to the same 
metal ion. The reaction between amino nitrogen and carbonyl carbon proceeds 
through nucleophilic addition to give Schiff base complex (product). The 
formation of the product is due to the reaction between the coordinated group of 
peptide and coordinated carbonyl group of ninhydrin through the condensation 
reaction. Such type of condensation reaction is also known as combination-of-the-
ligands-attached-to-the-same-metal-ion (CLAM) (Scheme 3). 
14 
n+ 
(Met-Pep) K (N) 
n+ 
(B) 
n+ 
(P) 
(M= Cr, Ni, Cu; n=2 for Cr, n=f for Ni and Cu) 
Scheme 3-A: The scheme of metal-Gly-Gly complex-ninhydrin reaction. 
15 
(M= a , Ni, Cu; ^ =2 for CT, n= \foT N\ and Cu) 
Scheme 3-B: The scheme of metal-Gly-Leu complex-ninhydrin reaction. 
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The rate increase observed for metal-peptide and ninhydrin reactions upon 
addition of CTAB micelles has been explained on the basis of the pseudo-phase 
model of micelles (as has been discussed in Chapter-3). The same reaction 
Scheme may be given (as shown in Scheme 2) for the present case: here Pep 
stands for the Met-Pep"^ complex. The values of k^, k2'", KN and Ks were 
calculated, and the best fit values are given in Table 1. 
The reactivity of Cr^^/Ni^VCu^^-peptide complexes with ninhydrin is of 
the same order (Table 1). The reported values of respective ionic size are 1.27, 
1.24, 1.28 A for chromium, nickel and copper. Thus, the size of all the complexes 
would approximately be the same and hence their 
approach/penetration/incorporation into the reactive region of micelles would not 
differ and consequently would show the same reactivity with ninhydrin. 
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Micelles: Surfactants form micelles when the non-
polar tails cluster together, resulting in a structure 
with a hydrophobic core and a hydrophilic exterior. 
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Among many interesting problems of chemistry, the "selectivity of 
chemical reactions" is now undoubtedly one of the most promising and 
productive areas of investigations. ' Thermodynamic models are powerful 
organizers of the world in which we live. Idealized models of solutions based 
on random mixing of components provide physical insights and understanding 
of a variety of important chemical systems. 
Recently, much efforts have been directed toward the use of organized 
assemblies (in solution) to modify reactivity as compared to that in isotropic 
liquids. A major goal of such studies is to utilize the order of the assembly so 
as to increase the rate and selectivity of the chemical properties involved in 
much the same way that enzymes modify the reactivity of the substrate to 
which they bound. Among the many ordered or constrained systems utilized to 
organize the reactants, the notable ones are micelles, microemulsions, liquid 
crystals, inclusion complexes, monolayers and solid phases such as adsorbed 
surfaces and crystals. With these assemblies in solution partial constrains are 
imposed upon the reactants, limiting the overall number of possible transition 
states which can be formed, subsequently decreasing the number of products 
formed. Judicious selection of a given organized assembly for a given 
application requires a sufficient understanding and properties of the organized 
assembly themselves and those of the substrate interaction therein. Of late, 
surfactants have become the subject of intense investigation by researchers in 
the fields of chemical kinetics and biochemistry because of the unusual 
properties of the organized forms of these materials. 
Metal ions play important roles in the synthesis and transport of organic 
molecules in living organisms, and in catalyzing acid-base and redox processes 
in biological systems. Proteins are important binding sites for metal ions. 
Metalloenzymes usually contain metal ions bound to a specific amino acid 
residue of the polypeptide backbone, e.g., the imidazolyl group of a histidine. 
Metals in proteins sometimes only stabilize the ternary structures of 
metalloenzymes but more often have vital roles in the catalytic process. Metals 
may be important to bind the substrate, stabilize the mtermediate(s) of the 
reaction or may take part in the catalyzed reaction. Metal ion complex 
formations are among the prominent interactions in nature. In an effort to 
understand the nature of metal ion complexation in biological systems, 
considerable research has been carried out on model binary and mixed-ligand 
complexes. 
The interaction of metal ions with polypeptides and proteins is a subject 
of perennial interest but it is a quite complicated problem and is difficult to 
study. Such complicated systems are analyzed by studying the interactions of 
metal ions with simple model compounds which are the active components of 
the more complicated polypeptide chains. The interaction in solution of 
macromolecules with small molecules is of fundamental importance to 
biological and industrial processes. It is central to one of the important 
functions of proteins, namely the transport of material within biological 
systems, and the structure of biological membranes. 
The use of ninhydrin for the detection/estimation of amino acids has 
great potential in revealing latent fingerprints.''" Extensive efforts have been 
made to apply manual and automated ninhydrin reactions as well as ninhydrin 
spray reagent to the detection, isolation and analysis of numerous compounds 
of interest across a broad spectrum of disciplines. These include agriculture, 
biochemical, clinical, environmental, forensic, histochemical, microbiological, 
and medical and protein sciences. A better understanding of these multifaceted 
ninhydrin reactions provide a scientific basis for further improvements of this 
important analytical technique. The use depends on the formation of 
Ruhemann's purple (diketohydrindylidenediketohydrindamine).^"'^ In this 
context, addition of metal ions and ihe order of addition of reagents have been 
widely used in the preservation.''*"'^ 
As a modification, therefore, reactions of ninhydrin with metal-amino 
acid complexes were also made in micellar media with a view to find some 
applications to improve contrast and visualization of ninhydrin developed 
fingerprints.' 
A. Surfactants, Micellar Aggregates, and Critical Micelle Concentration 
Surfactants: the ubiquitous amphiphiles 
The term SURPACTANTS is the contemporary name for SURFace 
ACTive AgeNTS, the class of chemical products whose molecules are able to 
modify the properties of an interface, e.g., liquid/air or liquid/liquid, by 
lowering the surface or interfacial tension, with associated changes occurring in 
other properties, e.g., wetting. A surfactant may be thought of as a 
"schizophrenic" chemical structure; having two essential portions, one being 
water repellent, usually called hydrophobic (or lipophilic), the other being 
water attractive, usually called hydrophilic (lipophobic). For this reason, if the 
material is dissolved in a solvent, the molecule will tend to group at the surface 
and it is said to be "surface active" or "a surfactant". Because of this unusual 
property, surfactants are very versatile substances. Depending on the precise 
chemical nature of the product, the properties of, for example, emulsification, 
detergency and foaming may be exhibited in varying degrees. The hydrophobic 
portion comprises a collection of hydrocarbon groups, some at least of which 
form a linear chain which may or may not be substituted to varying extents. 
The hydrophilic portion comprises a solubilising group such as sulfate, 
sulfonate or ethoxylate, for example. The number and arrangement of the 
hydrocarbon groups together with the nature and position of the hydrophilic 
groups combine to determine the surface active properties of the molecule. 
The majority of practical surfactant systems have water as their main 
liquid component. The next largest class of surfactant systems utilize a water-
immiscible organic solvent as the dominant liquid. Additional surfactant 
applications are being developed for polar solvents other than water, such as 
glycerol, ethylene glycol, formamide, and hydrazine.'^ Other significant 
applied research concerns the development of surfactants for fluids such as 
critical carbon dioxide. Block copolymeric surfactants of polystyrene and 
poly(l,l-dihydroperfluorooctyl acrylate) have been shown to form polydisperse 
micelles in critical carbon dioxide and to solubilize polystyrene oligomers in 
such solutions.'^ 
Surfactants fall into four categories depending on the distribution of 
electrical charge on the molecule. 
Anionic surfactants 
Anionic surfactants, which include soaps, are the most widely used for 
cleaning processes because many are excellent detergents. In anionic 
surfactants the hydrophile comprises some highly electronegative atoms, 
making these molecules strongly polar. The counterion is usually a small cation 
such as sodium but occasionally may be a larger cation such as ammonia or 
amines. For example, detergents such as sodium dodecylbenzene sulfonate 
(SDBS) have effectively replaced soaps as laundry cleansing agents because of 
their efficacy and low cost. Alkyl sulfates, such as sodium dodecylsulfate 
(SDS), alkyl ether sulfates, alkyl sulfonates, secondary alkyl sulfonates, 
aryl sulfonates such as alkylbenzene sulfonates, methylester sulfonates, a-
olefinsulfonates, and sulfonates of alkylsuccinates are other important classes 
of anionic surfactants. The fatty acids and these sulfo compounds include the 
three most important anionic groups, carboxylate (-CO2"), sulfate (-OSOs"), 
and sulfonate (-S03~). On the basis of basicity and phase data their 
hydrophilicity ranking is given as 
- C 0 2 " » -SO3" > -0S03~ 
Phosphate mono- (-P(0H)02") and di-anions (-?0i^~) are also 
important hydrophilic groups. 
Examples: 
potassium laurate CH3(CH2)ioCOO"K^ 
sodium dodecyl sulfate CH3(CH2)i iOS03~ Na^ 
sodium dodecylbenzene sulfonate CH3(CH2)ioCH2—((^ ^ )— SO3 Na* 
Cationic surfactants 
Cationic surfactants, in contrast, comprise a long chain hydrocarbon as 
the lipophile with quaternary amine nitrogen as hydrophile, and a halide ion as 
counterion. An important property of cationics is that they are attracted to 
surfaces carrying a negative charge, upon which they adsorb strongly. 
Alkylammonium halides and tetra-alkylammonium halides are the most 
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numerous in this class. Allcylammonium halides, such as dodecylammonium 
bromide, are excellent hydrogen bond donors and can interact quite strongly 
with water. 
Pyridine and related species such as quinoline, wo-quinoline, pyrazine, 
and their derivatives form the basis for a wide class of aryl-based quaternary 
surfactants. A -^alkyl pyridinium halides are easily synthesized from alkyl 
halides. The paraquat familiy of di-cations, based upon the 4,4'-bipyridyl 
species, has intriguing electron transfer properties and is widely studied in 
donor-acceptor systems. Although less numerous, phosphorous can also be 
quatemarized with alkyl groups to provide alkyl phosphonium surfactants. 
Examples: 
cetyltrimethylammonium chloride CH3(CH2)i5 N^(CH3)3Cr 
dodecylamine hydrochloride CH3(CH2)iiN'^ H3Cr 
dodecylpyridinium chloride /f )NCi2H25Cr 
Nonionic surfactants 
Non-ionic surfactants are second to anionics in cleaning applications and 
are frequently used in conjunction with them. An important group of non-ionics 
includes those where the hydrophile comprises a chain of ethoxy groups and is 
known as the ethoxylates, which is represented as CxEy where x is the length of 
the alkyl chain and y is the number of ethylene oxide units in the headgroup. 
Varying the number of ethoxy groups in the chain adjusts the amount of 
hydrophilic character in the final products. Most prevalent among the head 
groups of nonionics are oligomers of ethylene oxide. A related class is that of 
the alkylphenol ethoxylates. 
Alkanol amides such as ethanolamides and diethanolamides, 
alkylamides, amine ethoxylates, amine oxides (at neutral and alkaline pH), and 
polyamines are the primary nitrogen-based nonionic surfactant types. 
Examples: 
polyoxyethylene monohexadecyl ether CH3(CH2)i50(CH2CH20)2iH 
polyethylene glycol (/)-octylphenyl ether, TX-lOO 
(CH3)3CCH2C(CH2)2—(T^V- 0(CH2CH20)9.5H 
Zwitterionic surfactants (Amphoteric) 
This type of surfactants comprise a long hydrocarbon chain (lipophile) 
attached to a hydrophile containing both positive and negative charges, which 
give it the properties of a zwitterion. The simplest amphoterics can therefore 
behave as a cation or anion depending on pH. True zwitterions, such as a-
amino acids, can become ionized by intramolecular proton transfer: 
NH2CH(R)C02H o NH3CH(R)C02 
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In the tri-alkylammonialkanoates, for example, the quaternary nitrogen 
and carboxylate are separated by the alkanoate carbon chain, in which the 
nitrogen quatemerizes with the 6>-carbon of the alkanoate. 
Considerations of phase data and basicity'^ suggest that the relative 
hydrophilicities of ammonio zwitterionics decrease in the following order: 
ammonio-C02~ » ammonio-SOs' > ammonio-OS03~ 
Examples: 
N-dodecyl-N: N-dimethyl betaine C,2H25N (^CH3)2CH2COO-
3-(dimethyldodecylammonio) propane-1 -sulfonate 
CH3(CH2)i ,lvr(CH3)2CH2CH2CH2S03" 
Micellar Aggregates: structure and critical micelle concentration (cmc) 
The nonpolar part, which is typically made up of one or more alkyl 
chains, causes the surfactants to be sparingly soluble in water, whereas the 
polar or ionic part interacts strongly with water. Upon increasing the 
concentration of the amphiphilic compound in water, at a certain point the 
solubility limit will be reached and phase separation will set in. Due to the 
efficient interactions between the polar headgroups and the surrounding water 
molecules, a complete phase separation is usually unfavorable. Instead, the 
process will be arrested in an intermediate stage with concomitant formation of 
aggregates of amphiphilic material, wherein the nonpolar parts stick together 
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and are shielded from water, whereas the headgroups are located in the outer 
regions of the aggregate. A multitude of different aggregates can be formed in 
this way^°. 
Micelles are often drawn as static structures of spherical aggregates of 
oriented surfactant molecules. The morphology of these assemblies is mainly 
determined by the shape of the individual surfactant molecules, Ninham and 
Israelachvilli^' have introduced the concept of the packing parameter, allowing 
prediction of the type of aggregate formed by considering the cross-sectional 
headgroup area and the length and volume of the nonpolar part of the 
amphiphile molecules. Surfactants containing a single alkyl chain usually form 
micelles when dissolved in water. A schematic representation of a spherical 
micelle is given in Fig 1.1. The formation of micelles sets in after a certain 
critical concentration of surfactant (cmc) has been reached. Beyond this 
concentration the addition of more surfactant molecules will result in an 
increase in the number of micelles, while the concentration of monomeric 
surfactant remains almost constant. Micellization is usually driven by an 
increase in entropy, resulting from the liberation of the water molecules from 
the hydrophobic hydration shells of the monomeric amphiphile molecules, 
whereas the enthalpy change is generally close to zero.^^ 
However, micelles are in dynamic equilibrium with surfactant 
monomers in the bulk which are constantly being exchanged with the 
surfactant molecules in the micelles. The equilibrium between monomers and 
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aggregates is established within a few milliseconds. At equilibrium the number 
of micelles formed in a given time is equal to the number of micelles 
disintegrated in the same time. 
Ultrasonic, temperature and pressure jump techniques have been 
employed to study the rate constants associated with the different equilibria 
involved. Rates of uptake of monomers into 
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Water 
Fig. 1.1: Schematic structure of a spherical micelle. 
%* 
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micellar aggregates are close to diffusion controlled.'^'' The residence times of 
the individual surfactant molecules in the aggregate are typically in the order of 
10'^  - 10'^  seconds^ '^'^ '' whereas the lifetime of the micellar entity is about 10'^  -
10"' seconds.^ '^''^ ^ Factors that lower the cmc usually increase the lifetimes of 
the micelles as well as the residence times of the surfactant molecules in the 
micelle.^^ Due to this dynamic character, the size and shape of micelles are 
subject to appreciable structural fluctuations. Hence, micellar aggregates are 
polydisperse, as is demonstrated by small-angle neutron scattering data. 
Average aggregation numbers are typically in the range of 40 - 100. The 
highly dynamic character has for a long time successfully misled chemists in 
their conception of the structure of a micelle. 
The dynamic studies of the micelles have attracted special interest for 
the reason that the investigation of its physico-chemical properties is important 
and unavoidable in order to make clear the representative characteristics of 
micelles such as solubilization or catalysis. Further, the micelle has also been 
noted as a model of the biomembrane or the globular proteins, which is 
considered to have a structure similar to that of the micelle. 
Polarity and water content in different regions of the micelles play an 
important role in the rate of reaction in these regions. Small-angle neutron 
scattering studies have resolved this matter by indicating that significant water 
penetration into the micellar core is unlikely.^^ '^^ ' However, at the interface, 
extensive contact between water and the hydrocarbon chain segments definitely 
15 
occurs. The headgroups of the micelle are extensively hydrated. For ionic 
micelles (Fig. 1.2), a large fraction of the counterions are located in the vicinity 
of the headgroups. These counterions normally retain their first hydration 
shell.^^ The part of the surfactant that contains the headgroups and a variable 
fraction of the counterions is called the Stem region. This region comprises an 
appreciable electric field and a high concentration of ions (several molar) at the 
interface between the nonpolar interior and the aqueous exterior of the micelle 
and can be expected to exhibit unique properties. The important role of this 
region in solubilization and micellar catalysis is reviewed in the next section. 
The surface layer of a micelle resembles a concentrated electrolyte solution 
with a dielectric constant lower than that of the bulk water. The micellar phase 
is less polar than water and the ionic micelles have a polarity near to that of 
pure ethanol even at the Stem layer. '^'"'^  An increase in the aggregation number 
causes a decrease in the surface polarity .^ ^ The compactness of the Stem layer 
is responsible for the reduction of the net charge on the micelle. Most of the 
counterions are, however, located outside the shear surface in the Gouy-
Chapman electrical double layer where they are completely dissociated from 
the charged aggregate and are able to exchange with ions in the bulk of the 
soluUon. 
Aqueous 
bulk phase 
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Fig. 1.2: Model of a typical ionic micelle showing the location of head 
groups (©), surfactant chains ( ^^•^^) and counterions (+). 
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Critical micelle concentration (cmc) 
The cmc of a surfactant is defined as the optimum aqueous 
concentration of the surfactant at which micelles begin to form under a specific 
condition. Various physico-chemical properties of micellar solutions are 
distinctly different from those of non-micellar solutions (aqueous solutions 
containing monomers) of the same surfactant and this behavior of an aqueous 
solution of a surfactant forms the basis for various physico-chemical methods 
to determine the value of cmc. These methods include surface tension, ionic 
conductance, vapor pressure, osmometry, static light scattering, dynamic light 
scattering, refractive index, dye solubilization, dye micellization, molecular 
adsorption, diffusion coefficient, viscosity, partial molal volume, sound 
velocity, etc. 
The structure of a micelle is highly dynamic as well as sensitive to 
additives; because of these characteristic properties of micelles, the physico-
chemical methods produce slightly different cmc's of a surfactant.^ ^"''^  
Effect of additives on cmc of an aqueous solution of a surfactant 
depends on the nature of interaction of additive with the following: (1) 
hydrophobic segment of surfactant, (2) hydrophilic segment of surfactant, (3) 
monomers of surfactant, which are in fast equilibrium with micelles and, (4) 
water molecules in aqueous pseudo-phasQ. Molecular interaction between 
interacting molecules may involve some or all of the following interactions: 
dipole-dipole, ion-dipole, ion-ion, van der Waal's/dispersion forces, and 
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hydrogen bonding. Energetically favorable interactions between additive and 
micellized surfactant molecules will increase the stability of micelle, which 
will, in turn, cause the decrease in cmc. 
B. Ninhvdrin Reaction for the Analysis of Amino Acids. Peptides and 
Metal Coordinated Peptides 
Ninhydrin-amino acid reactions 
Identification of amino acids is most important in the evaluation of 
protein structure as they are structural units and also found in numerous natural 
products. Several spray reagents for the selective and non-selective detection of 
amino acids have already been described, among which ninhydrin is mostly 
used for its remarkable high sensitivity, but it produces very similar colors 
{Ruhemann 's purple) with all amino acids except proline and hydroxyproline. 
Its varied applications include the qualitative and quantitative assay for a-
amino acids in bioanalytical work and the visualization of fingerprints in 
forensic science. 
Ninhydrin is also known as triketohydrindene hydrate. Ruhemann's 
reagent, or more systematically as 2, 2-dihydroxy-1, 3-indandione. The 
mechanism of the reaction for quantitative determination of amino acids with 
ninhydrin has been extended to explain the dependence of color formation on 
hydrindantin concentration. Voltammetric techniques have been used to study 
the behavior of several intermediate compounds in this reaction. Conventional 
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kinetic methods and digital simulation techniques have been employed to 
obtain numerical estimates for individual rate constants involved in the reaction 
at 40 °C. The revised mechanism is used to explain various observations 
appearing in the literature regarding the determination of amino acids and other 
ninhydrin-positive species. Ever since the discovery by Ruhemann of the 
reaction of ninhydrin with amino acids, there has been conjecture over the role 
of hydrindantin in the reaction mechanism. Ruhemann 
(hydrindantin) 
suggested that this compound reacted with ammonia in the final step of the 
reaction, resulting in the colored compound 
diketohydrindylidenediketohydrindamine, abbreviated DYDA, and 
now commonly referred to as ""Ruhemann's Purple.'' Since the original work of 
Ruhemann, many mechanisms have been suggested, some involving 
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hydrindantin, directly or indirectly in the color formation. The entire body of 
literature is presented and discussed in an excellent review by McCaldin.'" In 
his review, McCaldin also presented a mechanism for the ninhydrin reaction. 
The most thorough study of the role of hydrindantin was that of MacFadyen 
and Fowler.'" They also postulated a scheme for the ninhydrin reaction, and 
included hydrindantin as an active participant. From the results obtained in a 
study of the reaction of ninhydrin with imino acids'*', it is now suggested that 
the reactions of nihydrin with amines, amino acids, and imino acids all proceed 
by the same mechanism. The interpretation is based on the mechanism of the 
Strecker degradation and explains the formation of Ruhemann's purple and 
hydrindantin in the reactions with amino acids or amines. It invokes a 
concerted electronic mechanism in the initial reaction of ninhydrin with the a-
amino acid and it was observed that this avoids the enamine-vinylamine shift 
postulated by Moubasher and Ibrahim'* ,^ which is improbable under the 
experimental conditions. 
The general mechanism for this reaction in aqueous medium with the pH 
range of 4.0 - 5.5 is given as Scheme 1.1.'*° The amount of reaction products 
(carbon dioxide, aldehyde, ammonia, hydrindantin and purple colored DYDA) 
depend upon the conditions of reaction medium, i.e., pH, temperature, and 
[ninhydrin]. The mechanism (Scheme 1.1) involves, as the first step, formation 
of a Schiff base B, which is a case of the generalized condensation of a 
carbonyl compound with an amine.''^ The intermediate C is then produced by 
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electronic changes which involves decarboxylation. The decarboxylation step 
is not the rate-determining because at pH 5 it is expected to be unimolecular 
and not subjected to steric hindrance. The hydrolysis of C to 2-
aminoindanedione (DO could not be rate controlling either because the rate 
should be governed by steric factors alone.'*'* The reaction between Dj and 
ninhydrin also involves a nucleophilic type displacement of a hydroxyl group 
of ninhydrin by a nonprotonated amino group, leading to the formation of 
DYDA. The intermediate Dj participates in two parallel reactions (Scheme 
1.1). At pH < 5.0, the reaction proceeds chiefly by route (b), where ammonia 
is evolved quantitatively and no purple color is formed. In solutions of pH > 
5.0, route (a) predominates and, under these conditions, color formation is the 
basis of the analytical method.'*^ 
+ H2O 
• < • • 
-H2O 
RCH(NH3)C00H - • RCH(NH3)C00 
H" 
^ ». RCH(NH2)C00 
Kr 
RCH(NH2)COOH 
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Khan and coworkers'* '^''^  carried out detailed kinetic and mechanistic 
studies on the ninhydrin-amino acid reactions by varying pH, temperature, 
concentration of reactants, and organic solvents. (It was observed'* '^'^  that the 
rate of evolution of CO2 was fast in comparison to the rate of purple color 
formation of DYDA. At 80 °C, the evolution of CO2 was completed within 20 
min while the intensity of the purple color was negligible within this time 
period). They proposed mechanisms for the development of the purple color as 
well as for the decarboxylation process. As the amino group of amino acids is 
protonated at low pH (and thus does not possess the free electron), they found 
that nucleophilic attack of amino group of amino acids on carbonyl group of 
ninhydrin was not possible and decarboxylation did not occur. They also 
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noticed that with the increase in pH, the equilibrium shifted towards 
unprotonated amine which, in turn, increased the rate of decarboxylation. 
Consequently, Scheme 1.1 was modified'* '^'''' where Dj was considered as a 
stable intermediate that behaved as reactant for the formation of DYDA and, 
unlike Scheme 1.1, the conversion was considered as a three-step process, i.e.. 
n 
0 
.y 
OH 
(D,) 
-NH2 + 0 
0 
II LI 
II 
0 
(N) 
:o JS . r^ 
o ^ 
(DYDA) (E) 
Scheme 1.2 
Accordingly, the following rate equation was established ' for the formation 
of DYDA in aqueous medium at pH > 5.0, 
Knhc 
Keg k, Ka [N] 
[H1 
(1.1) 
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Kabir-ud-Din et al.^^'^^ have performed systematic kinetic studies of the 
ninhydrin-amino acid reactions in presence of a variety of surfactant micelles 
at different temperatures as well as at different concentrations of various 
organic and inorganic salts. They have reported that the cationic surfactant 
micelles catalyze the reactions. 
Ninhydrin-peptide and ninhydrin-metal-coordinatedpeptide reactions 
Until recently, ninhydrin was essentially the only reagent used to detect 
amino acids and peptides on paper. Fluorescamine was introduced in 1972 as a 
reagent for the qualitative detection and quantitative determination of primary 
amines, amino acids, peptide, and proteins.^ '^^ '* This reagent has been 
successfully employed to assay the peptide hormones vasopressin and 
oxytocin.^^ It is also known that o-phthalaldehyde reacts with amino acids and 
peptides in the presence of 2-mercaptoethanol to yield highly fluorescent 
products. ' However, the above reagents are not useful for a general 
procedure to distinguish small a-peptides from amino acids. 
Further, metal ions have been widely used in the preservation of 
ninhydrin-stained amino acid chromatograms.''*"'^ The copper-ninhydrin 
method, originally devised for amino acids, gave rather poor linearity for 
CO 
dipeptides. However, it was found that the cadmium-ninhydrin procedures 
widely used for amino acids,^ '^^ ° could be adapted for the determination of 
dipeptides. The use of a Cd(II)-ninhydrin reagent was suggested for 
determination of dipeptides as yellow chromophores (X,max, 390 nm) based on a 
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study of peptides containing N-terminai glycine.'^ However, it was found that 
this reagent gives a yellow chromophore only with peptides having glycine as 
the N-terminal amino acid (17 dipeptides and 8 tripeptides were tested), while 
in the case of others (13 dipeptides and 4 tripeptides) a red chromophore results 
(^ax, 390 nm and 505 nm). Ganapathy et al}^ reported that all the peptides 
(157 compounds were tested), except the peptides containing N-terminal 
L-tryptophan, gave a yellow chromophore with a A-^ ax at 395 nm and suggested 
the minimum structural requirement around the a-peptides linkage for the 
formation of the yellow chromophore with the Cu(II)-ninhydrin reagent as 
- C H - C O - N ; 
I 
NH2 
Their studies also indicated that reliable linearity between concentration 
of peptide and absorbance (ranging, 0.02-0.12 (imole) is obtained for a number 
of peptides using the 390 nm absorbance, and among several metal ions tested 
the most sensitive was Zn(II) which gives uniformly higher reading at 390 nm 
than Cu(II). The above facts delineate the effective role of ninhydrin-
peptide/metal-peptide complex reactions and the scope of a micelle in the 
course of such reactions. The method has a potential to enhance contrast and 
visualization of ninhydrin developed finger prints and is bound to improve the 
existing available methods in forensic science. We can also see that, although 
the kinetics and mechanism of ninhydrin-amino acid reactions have been 
studied extensively in aqueous as well as in different surfactant micelles. 
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apparently no such attempt has so far been made on the ninhydrin-
peptide/peptide-metal complex reactions. Our present work is the first attempt 
wherein the kinetics of peptides/peptide-metal complexes and ninhydrin have 
been described in aqueous and micellar media. 
C. Kinetic Models in Miceliar Catalysis 
Kinetic study of the reaction rates provides, perhaps the most refined, 
detailed, and complete mechanism for chemical transformation from the 
reactant state to stable product state. Use of surfactants led to the improvement 
in sensitivity, detection limits, selectively and matrix effects in a number of 
kinetic based determinations, thus permitting their practical application. The 
enzymatic catalytic methods combine low limits of detection, high selectively 
and simple and available techniques. Catalytic kinetic methods are based on 
chemical reactions where the rate is influenced by the reaction conditions. That 
is why the development, optimization and achievement of these methods rely 
mainly on application of modern theories on chemical kinetics, catalysis and 
coordination chemistry. The theory and practice of catalytic analysis indicate 
that the use of activators is one of the most effective ways of improving the 
analytical features of catalytic reactions. Another way of improving the 
analytical features of kinetic methods is the use of organic microheterogeneous 
systems - surfactants. In the last two decades surfactant molecules and their 
aggregates have been used increasingly in analytical techniques in order to alter 
the properties, including the reactivity, of the analytes.^' Surfactant aggregates 
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often accelerate or "catalyse" chemical reactions, but they also inhibit 
reactions. The term, "micellar catalysis", was first applied to the increases in 
rates of reactions produced by aqueous association colloids, in particular 
cry 
micelles. Surfactant micelles can enhance the sensitivity and can bring about 
changes in solubility, pKa, chemical equilibria, reaction rates and mechanisms, 
spectral distributions and intensities and the stereoselectivity of some chemical 
processes. Surfactants increase the absorptivity of the analytes and some of 
them also facilitate solubilization of the analytical system."'^'' 
The basic pseudo-^^^asQ model provided excellent qualitative and often 
good quantitative interpretation for many reactions.^^ Analysis of various 
micelle-catalysed reactions on the basis of the pseudo-T^hdiSt kinetic model led 
to the conclusion that two principal factors are responsible for the efficiency of 
micellar catalysis: concentration effects in the micellar pseudo-phase, due to 
the hydrophobic, electrostatic and specific interactions of reactants with the 
micelles; and changes in the reactivity of reagents on transfer from water to the 
micellar p^ew^o-phase.^^ Study of the various micelle-catalyzed reactions have 
shown that the major source of rate enhancements is the increased reactant 
concentration in the micellar pseudo-^hSiSt and that second factor contributes 
less significantly to the overall effect. Micellar catalysis can occur in two 
modes: when all the reactants concentrate on the micellar surface (where the 
reaction takes place) and when only some of them approach micelles; so the 
reaction takes place in the micelle-bulk solution interface. According to the 
* ^ ^ ^ * 
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pseudo-phase model, as the reactant concentrations in the micellar pseudo-
phase determine the catalytic efficiency, the catalyst must also be concentrated 
at the micellar surface in order to combine the effects of micellar and chemical 
catalysis. Direct association between a catalyst and the micelles is often 
hindered by the fact that the reactant concentrations often are higher than that 
of the catalyst by several orders of magnitude. The more promising 
alternative is no direct aggregate-catalyst interaction - the formation of a 
complex between the catalyst and one or more reactants, provided they readily 
bind to the micellar surface in order to allow the catalyst to be concentrated 
locally onto the micelles. Micellar catalysis can also enhance the effect of 
chemical catalysis in multistep reactions even if the catalyst is not 
concentrated, whether directly or indirectly, at the micellar surface. Some 
additional advantages of micelles include their ability to shorten analysis times, 
which in turn translates to the increased outputs and more convenient assays. 
Rates of chemical reactions (R^) in micellar solutions are usually 
considered to be the sum of rates in the continuous aqueous phase (R^) and the 
micellar jp^ewfito-phase (Rm)^ '^^ ' 
R-v)/ ^Rw + Rm (1-2) 
Micellar solutions are macroscopically homogeneous, but the total 
volume of the uniformly distributed dynamic aggregates of surfactant 
monomers is assumed to act as a separate phase, the micellar p^ewi/o-phase, of 
constant properties. ' Pseudo-phase formation begins at the cmc, and all 
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additional surfactant forms micelles with the monomer concentration remaining 
constant and equal to the cmc. 
Provided that only substrate distribution has to be considered, which is 
the situation for micelle-inhibited bimolecular or spontaneous unimolecular 
reactions, Scheme 1.3 describes substrate distribution and reaction in each 
pseudo-phase. 
nD ^ = ^ D„ + S , ^ ; z ^ S , 
K w 
->• Products(P)-^ 
'^ m 
Scheme 1.3 
where Dn is the micellized surfactant, S in the substrate, and k'^ and k'^ are the 
pseudo-first-order rate constants for product formation in the bulk solvent and 
in the micellar phase, respectively. Ks is association/binding constant of the 
reactant with the micellized surfactant. The concentration of micellized 
surfactant is that of total surfactant less that of monomer which is assumed to 
be given by the critical micelle concentration (i.e., [Dn] = [CTAB] - cmc). 
The rate equation for the Scheme 1.3 is given by 
-ci([Sw] + [S„,]) -d[S]t d[P] 
= = (1.3) 
dt dt dt 
and 
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d[P] 
- k'JSw] + k'„, [S J (1.4) 
dt 
where [S]t is the stoichiometric concentration of the substrate at time t. (Here, 
and elsewhere, the quantities in square brackets denote molarity in terms of 
total solution volume, which is approximately that of the aqueous pseudo-
phase). The observed rate constant for the product formation, k»^ , is given by: 
-d[S], , 
k^ - / [S]t = k'wFw + k ' ^ F , (1.5) 
dt 
where F^ and Fm are the fractions of the uncomplexed and complexed 
substrate. Often, for a pseudo-first-order process [Dp] » [S^] and Fm is 
constant. The equilibrium constant, Ks, can be expressed in terms of 
concentrations and also in terms of the fractions of the complexed and 
uncomplexed substrate: 
K s = = (1.6) 
( [S ] t - [Sm]) [Dn] [ D n ] ( l - F m ) 
Combination of eqs. (1.5) and (1.6) and rearrangement leads to: 
k'^+ k'm Ks[Dn] 
k^= (1.7) 
1 + Ks[D„] 
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This equation is formally similar to the Michael-Menten equation of 
enzyme kinetics, although the analogy is limited because most enzymatic 
reactions are studied with substrate in large excess over enzyme. Eq. (1.7) 
could be rearranged to give eq. (1.8) which is formally similar to the 
Lineweaver-Burk equation, and which permits calculation of k'm and Kg, 
provided that k'w is known 
+ (1.8) 
(k'w- k^) (k'w- k'„,) (k'w- k'„,) Ks[Dn] 
Eqs. (1.7) and (1.8) depend on some major assumptions, in particular 
that the cmc gives the concentration of monomeric surfactant and that the rate 
and binding constants in the micellar pseudo-phase are unaffected by the 
reactants and products. These equations have been used very extensively and 
provided the basis for quantitative analysis of micellar rate effects. 
Eq. (1.7) is generally used to estimate the rate constant, k'^ in the 
micellar pseudo-phase, but for inhibited bimolecular reactions, it provides an 
indirect method for estimation of otherwise inaccessible rate constants in water. 
Eqs. (1.7) and (1.8) generally fail for bimolecular, micelle-assisted 
reactions. Eq. (1.7) predicts that the first-order rate coefficients should reach a 
constant, limiting value at high surfactant concentration when the substrate is 
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fully micellar bound, but rate maxima are observed for the corresponding non-
solvolytic bimolecular reactions. 
For micellar catalyzed bimolecular reactions, it is necessary to consider 
the transfer of the second reagent, e.g. a nucleophile, X, between the two 
pseudo-phasQs'^'^^ because the relevant first-order rate constants, and nature of 
X. If the total concentration of the second reactant is constant, values of k^ ,; go 
T T •7'! nn 
through maxima with increasing [surfactant]. ' ' One approach is to write the 
concentration of nucleophile as a local molarity, X^, in the micellar pseudo-
phase.^^ This choice of concentration unit is arbitrary, and is justified by the 
fact that second-order rate constants in homogeneous solvents are usually 
written as mof' dm^ s"'. 
Another approach is to define concentration in the micellar pseudo-
phase in terms of mole ratio. Concentration is then defined unambiguously, and 
the equations take a simple form.^ '^^ ' Scheme 1.4 shows reaction between the 
substrate, S and nucleophile, X (or any other second reactant). The second 
reactant is generally in large excess over the substrate establishing pseudo-first-
order conditions, so that 
nD ^ Dn + Sw ^ S^ 
kyv X^ k 
•^ w m 
Products-<-
Xm 
Scheme 1.4 
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k'w = kw[Xw] (1.9) 
and 
k ' , = k„Mx^ (1.10) 
where k^ and km are second-order rate constants for reaction in aqueous and 
micellar pseudo-phases, respectively, and Mx^ is the mole ratio of micellar 
bound reactive nucleophile to micellized surfactant given by 
Mx ' = [Xm]/Dn (1.11) 
Substitution of eqs. (1.9) and (1.10) into eq. (1.7) gives: 
k^[X,v] + kmKsMx'[D„] 
k^= (1.12) 
l+Ks[D„] 
kw[Xw] + kmKs [Xm] 
1+ Ks[D„] 
(1.13) 
These, or similar, equations readily explain why first-order rate 
constants of micelle-assisted bimolecular reactions typically go through 
maxima with increasing surfactant concentration if the overall reactant 
concentration is kept constant. Eqs. (1.12) and (1.13) and others, which are 
essentially identical but are written in different ways, can be applied to 
bimolecular micelle-assisted reactions provided that the distribution of both 
reactant can be determined. The final form of the kinefic eq. (1.12) will depend 
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upon the properties of the second reactant: whether it is a neutral molecule, a 
hydrophilic or hydrophobic coion, a counterion to the micelle, or in complex 
systems, an anion of a weak organic acid XH. 
The enhancing effects of surfactants have been exploited in the 
application of a number of analytical kinetic methods. ' Micellar surfactant 
systems can modify reaction rates and have been recognized as very useful 
alternatives for improving analytical methodologies. Much research has been 
devoted to the kinetics and mechanisms of reactions taking place in the 
presence of micellar systems. 
D. Statement of the Problem 
The chemistry of ninhydrin-amine functionality reactions is of interest 
due to their application in bioanalytical work'"'*^ and as latent finger print 
R7 
reagent. Several aspects of these reactions (some include even ninhydrin 
DO QQ 
analogs) have been studied and discussed for many years. ' It was known for 
a long time that Ruhemann's purple prints could be complexed with various 
metal salts resulting in color changes from the original purple color. In 1982, 
Herod and Menzel discovered that ninhydrin developed fingerprints not only 
changed color when treated with zinc chloride solutions but also became highly 
fluorescent when examined under an argon lazer.^ This discovery was an 
important breakthrough in fingerprint detection. Kinetic studies are, however, 
very limited.^"'^' With the view point that studies in this direction would be 
useful to understand the mechanistic aspects, systematic kinetic investigations 
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of reactions of amino acids with ninhydrin have been reported both in aqueous 
and aqueous-micellar solutions.'* '^^  
The possibilities of micellar systems and other organized molecular 
assemblies (vesicles, microemulsion, lamellae, liposomes, etc.) were 
recognized many years ago and have been exploited in most of chemical 
applications with a view to improving or proposing new methodologies. This is 
currently a research area in constant development. '^^ ^ 
The present work is the first attempt wherein the kinetics of 
peptides/metal-peptide complexes and ninhydrin have been described in 
aqueous and cationic micelles of cetyltrimethylammonium bromide (CTAB). 
Our purpose in performing the investigation was 
(i) to determine the effect of the cetyltrimethylammonium bromide 
(CTAB) micelles on the condensation rate, 
(ii) to try to gain new insight into the mechanism, 
(iii) to understand better the part played by additives (salts), and 
(iv) to see if there is some correlation between the micellar rate of 
complex formation and the electron density of the metal ions. 
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^Ejq^erimentaC 
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R 
Y 
The source and purity of various reactants and 
surfactants are mentioned in this chapter. Procedure for 
the preparation of solutions, pH measurements, 
determination of the composition of the products by 
Job's method of continuous variations, kinetic 
measurement details and determination of cmc under the 
reaction conditions have been detailed. As the formation 
of a complex between a particular metal-coordinated 
peptide and ninhydrin is accompanied by appearance of 
a characteristic absorption band, the spectra of the 
reaction products obtained under varying conditions are 
also presented. 
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Materials 
The chemicals used throughout the study are listed in Table 2.1. 
Cetyltrimethylammonium bromide (CTAB) was used as received. However, its 
purity was ascertained by the absence of minimum in surface tension vs. 
log[surfactant] plots. Rest of the chemicals mentioned in Table 2.1 were used 
without further purification. The organic and inorganic salts were commercially 
available high purity chemicals. 
Preparation of Solutions 
Double-distilled deionized water was used to prepare solutions. The 
specific conductivity of this water was in the range (1-2) x 10"^  Q~' cm"'. 
(i) Buffer solutions 
Sodium acetate-acetic acid buffer was prepared by mixing appropriate 
volumes of 0.20 mol dm acetic acid and 0.20 mol dm sodium acetate 
solutions.' 
(ii) CTAB solution 
CTAB solution was prepared by dissolving appropriate amount of 
CTAB in the buffer solution (pH = 5.0). 
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(iii) Ninhydrin and peptide solutions 
Stock solutions of ninhydrin and peptides were prepared in buffer 
solutions. The ninhydrin stock solution was stored in a dark bottle. 
pH-Measurements 
The pH measurements of the solutions were made with an ELICO pH-
meter type LI-120 (ELICO, Hyderabad, India) fitted with an ELICO CH-41 
glass and calomel combination electrode. The electrode was stored in pH 7 
buffer and was washed in deionized double-distilled water before use; it was 
then rinsed with pH 7 buffer and the pH meter was standardized using pH 4 
buffer solution. Whenever the solution was changed, the electrode was rinsed 
with double-distilled water and the surplus water removed and the pH-meter 
was restandardized using the pH 4 buffer solution. All pH measurements were 
made at least in triplicate and they agreed within ± 0.02. 
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Spectra of the Reaction Product 
The reaction of amino acids/peptides with ninhydrin forms a purple colored 
7 I 1 
product. The product has two absorption maxima in the visible range. " But the 
color of the final product in presence of a metal ion depends upon the order of 
mixing of the metal ion. Spectra of the products, recorded in the absence and 
presence of surfactant micelles (CTAB), using a SHIMADZU-model UV mini 
1240 spectrophotometer, show no shift in Xmzx (the wavelength of maximum 
absorbance, Figs. 2.1-2.8). The results also indicate that the ninhydrin-
peptide/metal-peptide reactions are catalyzed by CTAB micelles. 
The complexes formed by the interaction of ninhydrin with metal-
coordinated peptides used in the present investigations are yellow in color. While 
instantaneous complexation occurs with Cu(II) and Ni(II), Cr(III) is slow in its 
complexation with amino acids.'^'^ Therefore, the Cr(III)-peptide complexes 
were prepared as follows. Solutions of the reactants (1:1 molar) were taken in a 
graduated standard flask, boiled for 2 min, and heated in a controlled manner at 
90 °C for 2 h. After completion of the reaction, the flask was brought to room 
temperature and loss in volume, if any, was maintained by the buffer (pH = 5.0). 
As a result, a violet colored complex was formed , which was then stored in dark. 
This Cr(III)-peptide complex was used for further kinetic experiments. 
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Fig. 2.1: Absorption spectra of the reaction product of Gly-Gly and 
ninhydrin in absence and presence of CTAB micelles at pH 
5.0: (A) immediately after mixing the reactants, [Gly-Gly] = 
1.5 X 10"'* mol dm"\ [ninhydrin] = 6.0 x 10"^  mol dm'^ (B) 
same as solution(A) in presence of [CTAB] = 20 x 10"^  mol 
dm~^ (C) after heating solution(A) at 70 °C for 2h; (D) after 
heating solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
54 
o 
o 
< 
250 300 350 400 450 500 
Wavelength (nm) 
550 600 
Fig. 2.2: Absorption spectra of the reaction product of [Cr(III)-Gly-
Gly]^^ and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
.2+1 v-4 
mixmg 
X 10"" mol dm~\ 
(B) same as solution(A) 
-3 . 
reactants, [Cr(III)-Gly-Gly"l = 2.0 
[ninhydrin] = 6.0 x 10"' mol dm"^ 
in presence of [CTAB] = 20 x I0~^ mol dm •'; (C) after 
heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2,3; Absorption spectra of the reaction product of [Ni(II)-Giy-
Gly]^ and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
reactants, [Ni(II)-Gly-Gly^] - 2.0 x 10"" mol dm~\ 
(B) same as solution(A) [ninhydrin] = 6.0 x lO"'' mol dm"-^ ; 
in presence of [CTAB] = 20 x 10"' mol dm"'; (C) after 
heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2.4: Absorption spectra of the reaction product of [Cu(II)-Gly-
Gly]* and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
reactants, [Cu(II)-Gly-Gly^] = 2.0 x lO"'' mol dm"^ 
[ninhydrin] = 6.0 x 10""' mol dm~^; (B) same as solution(A) 
in presence of [CTAB] = 20 x 10"^ mol dm"^ (C) after 
heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2.5: Absorption spectra of the reaction product of Gly-Leu and 
ninhydrin in absence and presence of CTAB micelles at pH 
5.0: (A) immediately after mixing the reactants, [Gly-Leu] = 
2.0 X lO''* mol dm"\ [ninhydrin] = 6.0 x 10"^ mol d m ' ; (B) 
same as solution(A) in presence of [CTAB] = 20 x 10 mol 
dm"^ (C) after heating solution(A) at 70 °C for 2h; (D) after 
heating solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2.6: Absorption spectra of the reaction product of [Cr(III)-Gly-
Leu]^* and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
reactants, [Cr(III)-Gly-Leu^^] = 2.0 x lO"'* mol dm"\ 
[ninhydrin] = 6.0 x 10'^ mol dm""'; (B) same as solution(A) 
in presence of [CTAB] = 20 x 10"^  mol dm~ ;^ (C) after 
heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2.7: Absorption spectra of the reaction product of [Ni(II)-Gly-
Leu]* and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
reactants, [Ni(II)-Gly-Leu^] = 2.0 x 10"'* mol dm'^ 
[ninhydrin] = 6.0 x 10"' mol dm~ ;^ (B) same as solution(A) 
in presence of [CTAB] = 20 x 10"^  mol dm"^ (C) after 
heating soIution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Fig. 2.8: Absorption spectra of the reaction product of [Cu(II)-Gly-
Leu]^ and ninhydrin in absence and presence of CTAB 
micelles at pH 5.0: (A) immediately after mixing the 
reactants, [Cu(II)-Gly-Leu^] = 2.0 x 10"'* mol dm"\ 
[ninhydrin] = 6.0 x 10"^  mol dm~ ;^ (B) same as soIution(A) 
in presence of [CTAB] = 20 x 10~^  mol dm"^ (C) after 
heating solution(A) at 70 °C for 2h; (D) after heating 
solution(B) at 70 °C for 2h. 
Lines are drawn as a guide to the eye. 
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Stoichiometry of the Reaction Products 
A simple spectrophotometric method (Job's method of continuous 
variations) was used for the determination of the composition of the products. 
Nine test-tubes (calibrated) having 1,2,3,...,9 cm^ of metal-peptide complex 
solutions were arranged and ninhydrin solution of*the same molarity was added to 
the respective test tubes to make the volume 10 cm . These mixtures were kept in 
thermostated oil bath at 95 °C for 2 h and then cooled to room temperature. Any 
loss in the volume was compensated by the addition of the buffer solution, after 
that their absorbances were recorded at appropriate selected wavelengths of 
maximum absorption. Absorbances were recorded of corresponding 
concentrations of the metal-peptide complex and ninhydrin solutions. The 
difference in absorbance, AA, where AA = [absorbance of the product -
(absorbance of metal-peptide complex + absorbance of ninhydrin)], was obtained 
for all the sets, which were then plotted against the mole fraction of ninhydrin. 
Similar steps were repeated in presence of CTAB micelles. Representative plots 
are shown in Figs. 2.9 - 2.14 and a summary of the results is presented in 
Table 2.2 
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Fig. 2,9: Plots of AA310 V5. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Cr(III)-Gly-Gly]^^ complex with ninhydrin: 
(A) in presence of [CTAB] - 20 x 10' 
absence of CTAB. 
mol dm"'; (B) in 
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Fig. 2.10: Plots of AA310 vs. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Ni(II)-Gly-Gly]^ complex with ninhydrin: (A) 
in presence of [CTAB] = 20 x 10"^  
ofCTAB. 
mol dm ; (B) in absence 
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Fig. 2.11: Plots of AA370 vs. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Cu(II)-GIy-Gly]* complex with ninhydrin: 
(A) in presence of [CTAB] = 20 x 10~^  mol dm~^ (B) in 
absence of CTAB. 
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Fig. 2.12: Plots of AA310 vs. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Cr(III)-Gly-Leu]^^ complex with ninhydrin: 
(A) in presence of [CTAB] = 20 x 10"^ — ' -^-'^ 
absence of CTAB. 
mol dm ; (B) in 
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Fig. 2.13: Plots of AA310 vs. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Ni(II)-Gly-Leu]* complex with ninhydrin: (A) 
in presence of [CTAB] = 20 x 10" 
ofCTAB. 
mol dm ; (B) in absence 
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Fig. 2.14: Plots of AA370 vs. mole fraction of ninhydrin for 
determination of composition of the product formed by the 
interaction of [Cu(II)-Gly-Leu]^ complex with ninhydrin: (A) 
in presence of [CTAB] = 20 x 10"^ mol dm~^; (B) in absence 
ofCTAB. 
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TABLE 2.2 
Summary of the results of Job's method. 
Complex Composition 
Aqueous CTAB 
i2+ [Cr(III)-Gly-Gly]'-ninhydrin 
[Ni(II)- Gly-Glyj'^-ninhydrin 
[Cu(II)- Gly-Gly]^ -ninhydrin 
[Cr(III)- Gly-Leu]^^-ninhydrin 
[Ni(II)- Gly-Leu]^-ninhydrin 
[Cu(II)- Gly-Leu]^-ninhydrin 
Kinetic Measurements 
The required solution of peptide along with other reagents (when required) 
was taken in a three-necked reaction vessel having provision for N2-gas 
inlet/outlet and also equipped with double surface water condenser. The vessel 
was then immersed in a thermostat maintained at required temperature within 
± 0.1 °C. The reaction was initiated by adding the requisite volume of thermally 
equilibrated ninhydrin solution. The zero time was recorded when half of the 
ninhydrin solution has been added. A slow stream of pure N2 (gas) (free from O2 
and CO2) was bubbled through the reaction mixture for stirring as well as to 
maintain an inert atmosphere. The progress of the reaction was monitored 
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spectrophotometrically by pipetting out aliquots at various time intervals and 
measuring the absorbance of the reaction product at the selected wavelength 
(^ax)- The [ninhydrin] was kept in excess (> 10 times) in order to maintain 
pseudo-first-order conditions. Values of pseudo-first-order rate constants (kobs in 
aqueous and k^ in micellar media) were obtained from plots of (log [(A o^ - At)/ 
(Ao - At)] vs. time (t) by a least-squares regression analysis of the data. The 
values of absorbance at infinite time (Aao) for each system were obtained in the 
following manner. At the end of each kinetic run, 10 cm^ of the solution mixture 
(after taking into a standard volumetric flask) was boiled for 2 min. It was then 
cooled to room temperature and, after adding buffer solution to compensate any 
volume loss, the complete absorbance spectrum was then recorded. Multiple 
kinetic runs showed that the data were reproducible within ± 3%. The dependence 
of observed rate constants were obtained as a ftinction of [peptide], [ninhydrin], 
[CTAB], [salt], pH and temperature. The results are recorded in Chapters 3 and 4. 
Determination of cmc by Conductivity Measurements 
Critical micelle concentrations (cmc) were determined employing 
conductivity measurements. Conductivities were measured at the desired 
temperature by using a conductivity bridge (type CM 82 T, ELICO, Hyderabad, 
India) using platinized electrodes (cell constant = 1.02 cm"'). First the 
conductivity of the solvent was measured and then conductivity was recorded 
every time after addition of small volumes of the stock solutions of CTAB and 
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ensuring complete mixing. The specific conductivity (K, Q~' cm"') was calculated 
by applying solvent corrections. The critical micelle concentration values of 
surfactant (CTAB) in the presence and absence of reactants were obtained from 
the break point of nearly two straight line portions of the conductivity vs. 
concentration plots.''' The measurements were made at 30 and 70 °C under 
varying conditions, i.e., solvent being water, water + ninhydrin, water + peptide, 
water + metal-peptide complex, and water + metal-peptide complex + ninhydrin. 
The values of cmc are recorded in Table 2.3. 
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TABLE 2 3 
Critical micelle concentration values of CTAB in absence and presence of 
reactants at 30 and 70 °C. 
Solution 
Water 
Ninhydrin 
Gly-Gly 
Gly-Leu 
Ninhydrin+Gly-Gly 
Ninhydrin+Gly-Leu 
[Cr(III)- Gly-Gly]^^ 
[Ni(II)- Gly-Gly]^ 
[Cu(II)- Gly-Gly]^ 
[Cr(ril)- Gly-Leu]^^ 
[Ni(II)- Gly-Leu]^ 
[Cu(II)- Gly-Leu]^ 
[Cr(III)-Gly-Gly]^^ ^ 
[Ni(II)- Gly-Gly]* + 
[Cu(II)- Gly-Gly]* + 
[Cr(III)-Gly-Leu]^*+ 
[Ni(II)-Gly-Leu]* + i 
[Cu(II)-Gly-Leu]* + 
1 
- ninhydrin 
ninhydrin 
ninhydrin 
ninhydrin 
linhydrin 
ninhydrin 
lO" cmc 
30 °C 
9.5 
9.4 
9.4 
10.7 
9.4 
8.9 
3.4 
3.4 
1.9 
4.6 
4.5 
2.5 
2.3 
3.3 
1.8 
3.0 
4.0 
2.7 
(mol dm ^) 
70 °C 
14.2 
13.5 
14.1 
14.2 
13.0 
14.7 
7.6 
6.1 
5.9 
7.8 
6.9 
7.5 
5.5 
5.8 
4.2 
6.7 
6.3 
6.0 
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Viscosity Measurements 
All fluids possess a definite resistance to change of form. This property, a 
kind of internal friction, is called viscosity. It is expressed in dyne-second per cm^ 
or poise. 
Liquids exhibit much greater resistance to flow than gases, consequently, 
they have much higher viscosity coefficient. The viscosity coefficients of liquids 
generally increase with increasing pressure, while increase in temperature leads to 
a decrease in viscosity. When a solute is added to a liquid its flow properties are 
altered due to change in internal friction of the system. 
For all the systems studied, the viscosities were highly dependent on the 
rate of flow. Therefore, it was necessary to obtain the viscosity values under 
Newtonian conditions. For this purpose, a wide U-shaped tube containing water 
was connected to the branch of the viscometer which, under normal operation 
conditions, is open to the atmospheric pressure. 
The relative viscosities (i]r) of solutions left at the end of kinetic runs were 
obtained to get an idea about the type of micellar aggregates present in the 
reaction mixtures at the completion of the reaction. The rir of these solutions were 
obtained against water using the relation 
Tlr = Tl|/T|o=d|t| /doto (2 .1) 
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where rji and di represent the viscosity and density of the reaction mixtures, r\o 
and do that of water at the experimental temperature and tj and to are the time of 
flow for the same volume of the reaction mixture and water, respectively. Density 
corrections were not made, as these were negligible'^. Therefore, rirwas calculated 
by the ratio of tj and to. The efflux times have been determined with the help of 
Ubbelohde viscometer thermostated at 70 ± 0.1 °C. Each experiment was carried 
out after giving the long time thermal stability and was repeated at least twice in 
order to get reproducible results. To get best reproducible results, the viscometer 
was cleaned properly with concentrated chromic acid each time before starting a 
new set. 
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CHAPTERS 
%inetics and Mechanism of (Peptide -
!Ninfiydrin (Rf actions in Aqueous and 
MiceCCar Media 
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The kinetics of reactions between ninhydrin and 
peptides (glycyl-glycine and glycyl-l-leucine) have 
been investigated spectrophotometrically in aqueous 
solution as well as in the presence of 
cetyltrimethylammonium bromide, CTAB, cationic 
micelles. The reaction rate is first- and fractional-
order with respect to [peptide] and /ninhydrin/, 
respectively, both in the absence and presence of 
cationic micelles. 
The rate-/surfactant] profiles for the reactions show 
typical behavior of micellar-assisted reactions which 
were analyzed using the pseudo-phase model 
proposed by Menger and Portnoy. 
Part of this work has been published in International Journal of 
Chemical Kinetics, 38, 643 (2006). 
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It is known''^ that the same purple-colored proxiuct (DYDA) i^  forced 
by the reaction between ninhydrin and peptides as produced by -the reaction 
between ninhydrin with different amino acids. Spectra of the product formed 
by the reaction between peptides (Giy-Gly, Gly-Leu) and ninhydrin in the 
buffer solution have been taken in the absence and presence of CTAB micelles. 
We see that the absorbance increases with CTAB micelles with no shift in X^sx, 
i.e., the wavelength of maximum absorbance remains the same in both aqueous 
and micellar media. This indicates the purple-colored product of peptide 
reaction with ninhydrin to be the same as in aqueous medium. 
Micelles in aqueous media have either a polar region or a region of high 
charge density, accompanied by an electrostatic potential of up to a few 
hundred millivolts at the micellar surface, and a non-polar hydrophobic region 
in the micellar core. The kinetics in micellar solutions is, therefore, governed 
by electrostatic and hydrophobic interactions between micelles and reactants, 
transition complexes, and products. Micelles are considered as models for 
enzyme action because they are similar in shape and size, and more 
importantly, both have hydrophobic core and polar surfaces. The reactions of 
various organic compounds are catalyzed or inhibited by micelles due to 
exclusive micellar incorporation of the reactants. Various kinetic studies have 
examined the following type of micellar catalysis: (1) reactions in which the 
micelles are reagents; (2) reactions in which interactions between the micelles 
and the reacting species affect the kinetics; and (3) reactions in which the 
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micelles carry catalytically active substituents.'' The studies were undertaken to 
elucidate the factors that influence the rates and course of reactions, to gain 
insight into the exceptional catalytic characteristics of enzymatic reactions, and 
to explore the usefulness of micellar systems for organic synthesis.'' 
The results are described in the following pages. 
A. RESULTS 
Dependence of the Reaction Rate on pH 
The solution pH plays a pivotal role in the peptide-ninhydrin reaction; 
this being the reason that the effect of pH on the rate of peptide-ninhhdrin was 
studied in the pH range 4.0 to 6.0. The effect of pH was determined by carrying 
out a series of kinetic experiments with different pH keeping constant 
concentrations of ninhydrin, peptide and temperature (Tables 3.1 and 3.2). 
Experiments were also performed in presence of CTAB (20 x 10'^  mol dm"''). 
The formation of Ruhemann's purple was known to be dependent on pH and 
humidity, and complete development was known to require heating. It has 
already been established that the optimum pH of the ninhydrin reaction with 
amino acids and peptides is 5.0.''^ "^ Therefore, a constant pH (= 5.0) was 
maintained throughout the kinetic studies. 
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TABLE 3.1 
Effect of pH on pseudo-rirsl-order rate constants (kobs/ kv,;) for the 
reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[Gly-Gly] = 1.5 x 10^'mol dm"^ 
[ninhydrin] = 6.0 x lO""* mol dm~^ 
[CTAB] = 2.0x lO-^moldm"^ 
Temperature = 70 °C 
5 pH 10'ko bs 10 'k^ 
(s- ' ) 
7.4 
9.6 
18.1 
19.9 
36.6 
4.0 2.6 
4.5 4.7 
5.0 7.4 
5.5 12.2 
6.0 22.8 
80 
TABLE 3.2 
Effect of pH on pseudo-first-order rate constants (kobs/ k^) ^^r the 
reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[Gly-Leu] = 2.0 x lO"* mol dm"^ 
[ninhydrin] = 6.0 x 10"^ mol dm"^ 
[CTAB] = 2.0x lO-'moldm"^ 
Temperature = 70 °C 
pH 
4.0 
4.5 
5.0 
5.5 
6.0 
l O ' k o b s 
(s- ') 
2.0 
5.6 
7.1 
8.0 
10.8 
10 'k^ 
(s- ' ) 
12.1 
18.4 
21.8 
24.2 
26.8 
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Dependence of the Reaction Rate on Peptide Concentration 
To see the dependence of rate constants on [peptide], the kinetic 
experiments were carried out under p^ewafo-first-order conditions of [ninhydrin] 
» [peptide] in the range of 1.0 x 10"* to 3.5 x lO"* mol dm"' of [peptide] at 
constant [ninhydrin] of 6.0 x 10'^  moi dm•^ temperature (70 °C) and pH (5.0). 
The kobs values are recorded in Tables 3.3 and 3.4. Similar studies were 
performed in CTAB micelles. As the values of rate constants (kobs and k^) were 
found to be independent of the initial concentration of peptide, the order of 
reaction with respect to [peptide] is unity in both the media. 
Dependence of the Reaction Rate on Ninhydrin Concentration 
The effect of ninhydrin concentration on the reaction rates was 
determined by carrying out the kinetic experiments with different 
concentrations of ninhydrin keeping [peptide], temperature (70 °C) and pH 
(5.0) constant (Tables 3.5 and 3.6). Experiments were also performed in 
presence of CTAB (= 20 x 10'^  mol dm"^ ) micelles. The plots of rate constants 
versus [ninhydrin] were curved passing through the origin that indicate the 
order to be fractional with respect to [ninhydrin] in both the media (Figs. 3.1 
and 3.2). 
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TABLE 3.3 
Effect of [Gly-Gly] on pseudo-first-order rate constants (kobs/ k^ )^ for the 
reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[CTAB] 
PH 
Temperature 
[ninhydrin] 
^ 2.0x 10'^ mol dm"^ 
= 5.0 
= 70 °C 
= 6.0 X 10"^ mol dm"^ 
»5 u , n 5 lO'^CGly-Gly] 10= kobs 10= k^ 
(mol dm'^) (s~') (s"') 
T o 6^5 18.0 
1.5 7.4 18.1 
2.0 6.4 18.1 
2.5 6.7 18.5 
3.0 6.7 18.4 
3.5 6.8 18.8 
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TABLE 3.4 
Effect of [Gly-Leu] on pseudo-first-ordQr rate constants (kobs/ ^ni) for the 
reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[CTAB] - 2.0 X 10'^ mol dm~^ 
pH = 5.0 
Temperature = 70 °C 
[ninhydrin] = 6.0 x lO""'mol dm"-^  
10'[Giy-Leu] lO' kobs lO' k^ 
(mol dm'^) (s~') (s"') 
To TA 2T78 
1.5 7.1 21.6 
2.0 7.0 21.7 
2.5 7.1 21.8 
3.0 7.2 21.8 
3.5 7.0 21.9 
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TABLE 3.5 
Effect of [ninhydrin] on pseudo-first-order rate constants (kobs/ kv^ ) for 
the reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[CTAB] 
PH 
Temperature 
[Gly-Gly] 
= 2.0 X 10"^ mol dm"^ 
= 5.0 
- 70 °C 
= 1.5 X lO'^moldm"^ 
10^ [ninhydrin] 10^  kobs 10^ k^ 
(mol dm"^) (s"') (s"') 
~6 TA 1^1 
10 15.9 25.7 
15 
20 
25 
30 
35 
40 
28.3 
32.5 
41.7 
45.0 
45.2 
46.1 
45.8 
55.7 
75.2 
81.3 
89.5 
92.8 
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TABLE 3.6 
Effect of [ninhydrin] on pseudo-first-order rate constants (kobs/ k^ ,,) for 
the reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[CTAB] 
PH 
Temperature 
[Gly-Leu] 
- 2.0 X 10"^ mol dm"^ 
= 5.0 
= 70 °C 
= 2.0 X 10"'' mol dm"^ 
10^ 
(mc 
6 
10 
15 
20 
25 
30 
35 
40 
[ninhydrin] 
)1 dm"^) 
10 ' kobs 
7.1 
10.0 
16.5 
22.6 
28.0 
38.2 
39.1 
39.5 
10 'k^ 
21.8 
24.7 
35.8 
46.2 
58.7 
69.3 
76.2 
79.2 
85 
105 
10 [Ninhydrin] (mol dm" ) 
Fig. 3.1: Effect of [ninhydrin] on the reaction rate of Gly-Gly with 
ninhydrin in the absence (A) and presence of CTAB (B). 
Reaction conditions: [CTAB] = 2.0 x 10"^  moi dm~^ [Gly-Gly] 
= 1.5 X 10"Vol Am\ pH = 5.0, temp. = 70°C. 
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105 
9 0 -
7 5 -
6 0 -
4 5 -
30 -
1 5 -
10 [Ninhydrin] (mol dm") 
Fig. 3.2: Effect of [ninhydrin] on the reaction rate of Gly-Leu with 
ninhydrin in the absence (A) and presence of CTAB (B). 
Reaction conditions: [CTAB] = 2.0 x 10"^  mol dm~\ [Gly-Leu] 
= 2.0 X 10'^ mol dm~\ pH = 5.0, temp. = 70 °C. 
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Dependence of the Reaction Rate on Temperature 
A series of kinetic runs were made at different temperatures (60-80 °C) 
with fixed reactant concentrations both in the absence and presence of CTAB 
micelles. The observed data were found to fit the Arrhenius and Eyring eqs. 
(3.1) and (3.2). The activation parameters, calculated using linear least squares 
regression technique, are recorded in Tables 3.7 and 3.8. 
r - E a " ^ 
k = A exp (3.1) 
K. RT J 
rksT^ r^s*-^ 
k = 
^^  h J 
r- AH"^ 
exp 
^ R J 
exp (3.2) 
V RT ^ 
(The quantities in eqs. (3.1) and (3.2) are the frequency factor A, the 
energy of activation Ea, the Boltzmann constant ke, the Planck constant h, and 
the gas constant R). 
Dependence of the Reaction Rate on Surfactant Concentration 
The dependence of the /7.sewJo-first-order rate constants on surfactant 
concentration were determined by carrying out a series of kinetic runs at 
different [surfactant] with fixed [ninhydrin] and [peptide] at constant 
temperature and pH (5.0). The observed pseudo-^xx'sX-oi^tx rate constants 
(^ K)bs/k»,/5 s~') typically increase with increasing CTAB concentration, reach a 
maximum value, and then, with further increase in CTAB concentration, a 
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decreaseing effect is observed. The results are summarized in Tables (3.9 and 
3.10) and are shown graphically in Figs. 3.3 and 3.4. 
Dependence of Reaction Rate on Salt Concentrations 
The effect of added salts on the rates were also explored because sahs, 
as additives, in micellar systems acquire a special place due to their ability to 
induce structural changes which may, in turn, modify the substrate - CTAB 
interactions.^ 
The salt effects on the micelle-catalyzed ninhydrin-peptide reactions were 
studied at fixed [ninhydrin], [CTAB], and temperature. The values of k^ are 
recorded in Tables 3.11-3.14, and are depicted graphically in Figs. 3.5-3.8. 
B. DISCUSSION 
(a) Reactions in Absence of CTAB Micelles 
The kinetic studies have been performed under pseudo-^wsi-ordtv 
conditions of excess [ninhydrin] in aqueous medium. Detailed investigations 
revealed that the rate of formation of the products is first-order with respect to 
peptide concentration (eq. (3.3)) as confirmed by (i) the initial rate being 
directly proportional to the initial concentration of peptide and (ii) constancy of 
kobs values obtained at different initial concentrations of peptides. The plots of 
kobs vs [ninhydrin], as shown in Figs. 3.1 and 3.2, indicate a fractional-order 
with respect to [ninhydrin]. 
d[P]/dt = (kobsOrk^)[Pep] (3.3) 
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TABLE 3.7 
Effect of temperature on pseudo-firsi-ordQr rate constants (kobs/ ^^v) ^^^ 
the reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[Giy-Gly] 
[ninhydrin] 
[CTAB] 
PH 
= 1.5 X IQ-^moldm"^ 
= 6.0 X 10"^ mol dm"^ 
= 2.0 X 10"^ mol dm"^ 
- 5.0 
Temperature 10 kobs 10^ k,^  
( ° C ) (s- ') (s- ' ) 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmol" ') 
AH*(kJmor') 
- A S " (JK"'mor') 
2.3 
3.7 
7.4 
8.7 
11.2 
85.3 
82.5 
97.9 
7.5 
11.3 
18.1 
23.5 
33.8 
77.0 
74.2 
103.9 
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TABLE 3.8 
Effect of temperature on pseudo-first-order rate constants (kobs/ k^ )^ for 
the reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[Gly-Leu] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
( ° C ) 
60 
65 
70 
75 
80 
= 2.0x10"^ 
= 6.0x10"^ 
= 2.0 X 10"^ 
= 5.0 
10'kob= 
4.2 
4.9 
7.1 
9.8 
12.8 
mol dm 
mol dm~^ 
mol dm~^ 
10 'k^ 
12.5 
17.7 
21.8 
28.8 
35.5 
Parameters 
Ea(kJmor ') 76.0 47.5 
AH^Cklmor') 73.8 44.7 
- A S ' ( J K - ' m o P ' ) 134.8 167.4 
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TABLE 3.9 
Effect of [CTAB] on pseudo-first-ordQV rate constants (k^ )^ for the reaction of 
Gly-Gly with ninhydrin. 
Reaction conditions: 
[Gly-Gly] 
[ninhydrin] 
pH 
Temperature 
= 1.5 X lO^'moldm"^ 
- 6.0 X 10"^ mol dm"^ 
= 5.0 
- 70 °C 
10^ 
(mc 
0 
1 
2 
4 
6 
8 
10 
12 
14 
18 
20 
25 
30 
40 
50 
70 
80 
90 
[CTAB] 
>1 dm-^) 
10' k^ 
7.4 
12.8 
13.7 
15.0 
16.1 
16.3 
16.3 
16.8 
16.9 
17.7 
18.1 
18.4 
19.0 
19.7 
19.3 
20.3 
19.3 
18.0 
-
12.7 
13.6 
14.8 
16.0 
16.3 
16.2 
16.7 
16.8 
17.6 
18.0 
18.2 
19.5 
19.8 
18.8 
20.0 
19.2 
17.8 
k - k 
"•\\i 
-
0.01 
0.01 
0.01 
0.01 
0.0 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
-0.03 
0.01 
0.02 
0.01 
0.01 
0.01 
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TABLE 3.10 
Effect of [CTAB] on p^ewofo-first-order rate constants (k ,^,) for the 
reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[Gly-Leu] 
[ninhydrin] 
pH 
Temperature 
10^[CTAB] 
(mol dm"^) 
0 
1 
2 
4 
6 
8 
10 
12 
14 
18 
20 
25 
30 
40 
50 
70 
90 
= 
= 
= 
1 0 ' k ^ 
(s- ' ) 
7.1 
10.2 
10.6 
15.2 
18.2 
19.3 
19.6 
19.6 
21.2 
20.1 
21.8 
24.3 
23.5 
22.7 
22.8 
21.0 
20.5 
2.0 
6.0 
5.0 
70 ' 
X lO"'' 
X 10"^ 
=C 
10' k 
(s- ' ) 
-
10.1 
10.5 
15.1 
18.2 
19.2 
19.4 
19.5 
21.0 
20.0 
21.7 
24.2 
23.5 
23.4 
21.3 
21.0 
20.3 
mol dm" 
mol dm' 
\i/CZi\ 
•3 
-3 
•^ vi/ ~ '^vj/cal 
•^\)j 
-
0.01 
0.01 
0.01 
0.0 
0.01 
0.02 
0.01 
0.01 
0.0 
0.0 
0.0 
0.0 
-0.03 
0.06 
0.0 
0.01 
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100 
10^[CTAB](moldm'^) 
Fig. 3.3: Effect of [CTAB] on the reaction rate of Gly-Gly with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10~^  mol 
dm"^ [Gly-Gly] = 1.5 x 10"^  mol dm~\ pH = 5.0, temp. = 
70 °C. 
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lO' [CTAB] (mol dm"') 
Fig. 3.4: Effect of [CTAB] on the reaction rate of Gly-Leu with 
ninhydrin. Reaction conditions: [ninhydrin] == 6.0 x 10"^  mol 
dm"\ [Gly-Leu] = 2.0 x 10"'' niol dm"\ pH = 5.0, temp. = 70 
°C. 
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TABLE 3.11 
Effect of inorganic salts on pseudo-firsi-order rate constants (k^) for the 
reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[Gly-Gly] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 1.5 X 10"^moldm'^ 
= 6.0 X 10"^ mol dm~^ 
= 2.0x 10~^mol dm"^ 
= 5.0 
= 70 °C 
[salt] 10^k^(s - ' ) 
(mol dm ^) NaCl NaBr NajSO^ 
To TO TsTi T s l 
0.05 16.9 16.4 10.0 
0.1 20.4 18.5 10.0 
0.2 22.5 17.2 8.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
23.1 
21.0 
19.6 
19.7 
19.8 
20.1 
20.3 
17.7 
18.1 
17.7 
16.2 
16.2 
15.9 
15.9 
7.3 
7.7 
7.4 
7.5 
7.4 
7.4 
7.9 
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TABLE 3.12 
Effect of inorganic salts on />5eM<^o-first-order rate constants (kobs/ ^^) 
for the reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[Gly-Leu] = 2.0 x lO"'* mol dm~^ 
[ninhydrin] = 6.0 x lO""* mol dm""' 
[CTAB] = 2.0x lO-^moldm-^ 
pH = 5.0 
Temperature = 70 °C 
[salt] lO^k.Cs" ' ) 
(mol dm"^) NaCl NaBr Na2S04 
To 2 0 2\J 2178 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
22.8 
24.1 
25.9 
26.1 
25.7 
26.1 
25.5 
25.5 
24.7 
24.4 
22.4 
22.9 
23.7 
24.4 
25.1 
24.9 
24.9 
24.7 
24.4 
24.1 
21.4 
20.9 
19.9 
20.1 
19.1 
18.8 
19.3 
19.2 
19.1 
19.2 
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TABLE 3.13 
Effect of organic salts on pseudo-rirsX-order rate constants (kv,,) for the 
reaction of Gly-Gly with ninhydrin. 
Reaction conditions: 
[Gly-Gly] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 1.5x 10"'moldm'^ 
= 6.0 X 10"^ mol dm"^ 
= 2.0x 10"^moldm"^ 
= 5.0 
= 70 °C 
10^ [sa 
(mol d 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
ilt] 
NaBenz 
18.1 
39.5 
45.5 
45.2 
47.1 
49.8 
50.2 
51.8 
47.9 
45.6 
45.1 
44.6 
43.1 
1 0 ' k , ( s - ' ) 
NaSal 
18.1 
39.1 
45.4 
46.0 
45.8 
48.3 
41.3 
39.8 
32.8 
31.3 
30.5 
29.2 
28.8 
NaTos 
18.1 
37.4 
39.9 
42.6 
43.9 
43.4 
40.2 
39.5 
34.0 
30.0 
28.3 
26.1 
25.8 
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TABLE 3.14 
Effect of organic salts onp^ewt/o-first-order rate constants (k^,) for the 
reaction of Gly-Leu with ninhydrin. 
Reaction conditions: 
[Giy-Leu] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^ [salt] 
(mol dm"^) 
= 2.0x lO^^moldm"^ 
= 6.0 X 10"^ mol dm~^ 
= 2.0x lO'^moldm"^ 
= 5.0 
= 70 °C 
10H,(s-') 
NaBenz NaSal NaTos 
0.0 21.8 21.8 21.8 
0.2 22.8 25.2 24.0 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
23.6 
22.5 
27.2 
28.2 
31.5 
47.2 
46.1 
49.0 
48.2 
46.3 
45.8 
28.6 
32.7 
38.4 
36.2 
37.4 
35.1 
31.2 
30.1 
28.5 
25.2 
23.0 
22.9 
24.9 
20.1 
20.1 
21.5 
18.2 
18.0 
17.5 
17.5 
17.1 
17.1 
100 
Ol 
35 
30-
25-
20-
15-
10-
5-
0 
O O A 
« © © ©-
' r~ 
0.0 0.2 
—I 1 1 1 1 1 
0.4 0.6 0.8 1.0 
[Salt] (mol dm ) 
Fig. 3.5: Effect of NaBr (A), NaCI (B), and Na2S04 (C) on the reaction 
rate of Gly-GIy with ninhydrin. Reaction conditions: [Giy-Gly] 
= 1.5 X 10"'' mol dm ^ [ninhydrin] = 6.0 x 10"^  mol dm"\ 
[CTAB] = 2.0 X 10"^  mol dm~^ pH = 5.0, temp. = 70 °C. 
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[Salt] (mol dm ) 
Fig. 3.6: Effect of NaBr (A), NaCl (B), and Na2S04 (C) on the reaction 
rate of Gly-Leu with ninhydrin. Reaction conditions: [Gly-Leu] 
-3 
= 2.0 X 10 ^ mol dm"', [ninhydrin] = 6.0 x 10"' mol dm"', 
[CTAB] = 2.0 X 10"^  mol dm"\ pH = 5.0, temp. = 70 °C. 
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o 
10'[SaIt](moldm"^) 
Fig. 3.7: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Gly-Gly] with ninhydrin. Reaction conditions: [Gly-Gly] 
= 1.5 X lO""* mo! dm~^ [ninhydrin] = 6.0 x 10~^  mol dm ^ 
[CTAB] = 2.0 X 10"^  mol dm"^ pH = 5.0, temp. = 70 °C. 
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10 [Salt](moldm ) 
Fig. 3.8: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of Gly-Leu with ninhydrin. Reaction conditions: [Gly-Leu] 
-3 -3 
= 2.0 X 10"^  mol dm'^ [ninhydrin] = 6.0 x 10'^ mol dm \ 
[CTAB] = 2.0 X 10"^Tiol dm~\ pH = 5.0, temp. = 70 °C. 
104 
On the basis of these findings, the Scheme 3.1 mechanism has been proposed 
for the reaction of peptides with ninhydrin. 
The general mechanism for reaction between ninhydrin and amino acids 
is well known.^  Amino acids, on interaction with ninhydrin, produce a purple-
colored product, called diketohydrindylidenediketohydrindamine (DYDA). 
Different amino acids (except proline) react with different rates but all produce 
the same final product. '" In the present case, the condensation between 
carbonyl group of ninhydrin and amino group of peptide (Gly-Gly, Gly-Leu) 
takes place. The reaction starts through the attack of lone-pair of electrons of 
amino nitrogen (of peptide) to the carbonyl carbon (of ninhydrin) to give Schiff 
base A. This Schiff base is unstable and hydrolyses to give 2-amino-
indanedione B, which reacts slowly with another ninhydrin molecule to yield 
the product, P (DYDA). 
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Accordingly, the following rate equation was established'" for the formation of 
DYDA in aqueous medium at pH > 5.0. 
Keq k, K3 [N] 
kobs= (3.4) 
[Hi 
(b) Reactions in Presence of CTAB Micelles 
Let us now take into account the kinetic data obtained in micellar 
system. The effect of [CTAB] upon the rate of reaction was studied at constant 
[ninhydrin] (6.0 x 10"^  mol dm'^ ), [Gly-GIy] (1.5 x 10"" mol dm"'), [Gly-Leu] 
(2.0 X 10"'' mol dm"') and pH 5.0 at 70 °C. The rate constant (k^) increased with 
increase in [CTAB], reached a maximum value, and then, with further increase 
in CTAB concentration, a decreasing effect was observed. The k4r-[CTAB] 
profile shapes (Figs. 3.5 and 3.6) are perfectly general being a common 
characteristic of bimolecular reactions catalyzed by micelles." 
The same first- and fractional-order kinetics with respect to [peptide] 
and [ninhydrin], respectively, was followed in both aqueous and micellar 
media. Also, the absorption band of the product remains unchanged in the 
presence of CTAB micelles (Figs. 2.1 and 2.5). Thus, we conclude that the 
reaction mechanism remains the same in the presence of cationic micelles as 
that in aqueous medium. 
In a homogenous surfactant solution (above cmc) the reactive site of a 
surfactant may exist in one or more of the following environments; the micelle 
interior (hydrophobic region), the micelle-water interface, the hydrophilic 
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region (Stem layer) and the bulk solvent. NMR studies'^"''' have revealed that 
nonpolar aromatic compounds are solubilized into the interior of micelles, 
whereas polar aromatic compounds tend to stay in the exterior water-rich 
region (Stern layer). 
The rate increase for many reactions upon addition of surfactants has 
been explained on the basis of Scheme 3.2, originally proposed by Menger and 
Portnoy'^ and developed by Bunton'^ and Romsted.'^ 
(Pep)^+Dn ^'^s - (Pep)n, 
+ + 
N^ v + Dn — 
'^'w k'n 
>• Products-* 
m 
Scheme 3.2 
The observed rate law: d[P] / dt = k,,, [Pep], and Scheme 3.2 lead to eq. 
(3.5) 
k'w + k'„ Ks [Dn] 
k ^ - (3.5) 
l+Ks[Dn] 
which can be modified as eq. (3.6) 
k^ [N] + (Ksk, - kw) M N ' [ D n ] 
k4. = (3.6) 
1 + Ks [Dn] 
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kw and km are the second-order rate constants, referring to aqueous and micellar 
pseudo- phases, respectively, Ks is the binding constant of the peptide to the 
cationic micelles, and [Dn] = [CTAB] - cmc. MN^ is the mole ratio of bound 
ninhydrin to the micellar headgroup, where k^ = k'^ / [Nw] and k^ = k'n, / MN 
and MN^ and [N] are given as 
M N ' = [ N J / [ D n ] (3.7) 
[N] = [Nw] + [ N J (3.8) 
Values of MN were estimated by considering the equilibrium 
KM 
[Nm] 
K N - (3.9) 
[Nw] ( [Dn] - [Nm] ) 
Upon solving eq. (3.9) and mass balance eq. (3.8), a quadratic eq. (3.10) 
results, which was solved for [N^] with the help of a computer program with 
KN as an adjustable parameter. MN was then calculated with the help of eq. 
(3.7). 
K N [ N J ' - (1+ KN [D„] + KN [N]T) [ N J + KN [Dn] [N]T = 0 (3.10) 
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TABLE 3.15 
Values of rate parameters (km, k2"\ kw and kw/k2'") and binding constants 
(Ks, KN) for the reaction of Gly-Gly and ninhydrin in micellar media. 
Reaction conditions: 
[Gly-Gly] = 1.5 x lO"'* mol dm"^ 
[ninhydrin] = 6.0 x 10"^ mol dm~^ 
pH = 5.0 
Temperature = 70 °C 
Parameters and 
Constants Values 
lO^kmCs"') 2.0 
10" k2"'(mor' dm^ s ' ' ) ' 0.28 
10^ kw(mor ' dm^ s"') 7.4 
kw/ka"" 2.6 
Ks (mol"' dm^) 317 0 
KN (mol"' dm^) 69 0 
^second-order rate constants (k2"') are based on eq. (3.12). 
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TABLE 3.16 
Values of rate parameters (k^, k2'", k^ and kw/k2'") and binding constants 
(Ks, KN) for the reaction of Gly-Leu and ninhydrin in micellar media. 
Reaction conditions: 
[Gly-Leu] - 2.0 x 10"^  mol dm"^  
[ninhydrin] = 6.0 x 10'^ mol dm~^  
pH = 5.0 
Temperature = 70 °C 
Parameters and 
Constants Values 
lO^n^Cs'') 6.8 
lOHz'^Cmor' dm^ s~')' 0.95 
10^ kw(mor' dm^ s"') 7.1 
kw/kz"" 0.7 
Ks (mol ' dm^) 140.0 
KN (mor ' dm^) 67.2 
^second-order rate constants (k2'") are based on eq. (3.12). 
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In order to determine km and Ks kinetically we need the cmc under 
kinetic conditions and we determined it conductimetrically. (see Experimental). 
For a given value of cmc, the k^ and Ks were calculated from eq. (3.6) using 
the non-linear least square technique. Such calculations were carried out at 
different presumed values of KN- The best value was considered to be the one 
for which the value oflLd, (where d, = k4iobs/ - k c^ai/) for t^h [CTAB] turned out 
to be a minimum. These values are recorded in Tables 3.15 and 3.16. The 
fitting of the calculated data (Ks, k^ and KM) to eq. (3.6) is evident from the 
calculated values of rate constants, k4<cai. 
An alternative data treatment was also carried out: eq. (3.5) can be 
written as 
1 / (k'w - k,,) = 1 / (k'^- k ' J + 1 / ( k'^ - k ' J Ks [Dn] (3.11) 
which predicts that the plot of 1 / (k'w - k^ )^ against 1 / [Dn] should be linear. 
This treatment assumes that only one substrate is incorporated into the micelle 
phase." '^^ ^ It has been used successfully for a number of reactions because the 
data treatment with the non-linear eq. (3.6) is more difficult than that with 
the alternative linear eq. (3.11). 
Our kinetic data were fitted into eq. (3.11) but no linearity in the plot of 
(k '^-k, ,)- ' vs [D„]- were observed, implying that this equation is inadequate 
for the present reactions. On statistical grounds, the reliability of (k'w - kj,,) or 
(ky - k'w) seems to decrease as [Dn] -^ 0. But (k'w - k^ ) ' or (k»^  - k'w)"' ^ oo 
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as [Dn] -> 0 ; thus the data treatment with eq. (3.11) suffers from the 
disadvantages of placing a high emphasis on the values of k'w and k^^, as [Dn] -^ 
0 and being very sensitive to errors when k^^ is nearly equal to k'w 
In order to confirm the Scheme 3.1 mechanism, effect of variables on 
the rate constants were seen in presence of constant [CTAB]. It was found that 
the reaction follows the same first- and fractional-order kinetics with respect to 
[peptides] and ninhydrin. Thus we can conclude that the reacfion mechanism 
remains the same in the presence of CTAB micelles as that in the aqueous 
medium with all possible intermediary situations. In the micellar medium the 
reaction of both (Pep)w and (Pep)n, with (N)^ and (N)ni takes place. The 
enhancement of rate in presence of cationic micelles could then be attributed to 
the stabilization of intermediate (i.e., Schiff base (A)) on the positively charged 
micellar surface, thereby increasing the concentration of the intermediate in the 
Stem layer. Therefore, both the reactants get effectively incorporated/ 
associated into the aqueous surface of the micelles (i.e., the Stem layer 
considered to be the usual sight of ionic micelle-mediated organic reactions). 
Thus, the overall increase of reaction rate is due to concentrating both the 
reactants in the micellar zone. 
A much debatable question in micelle assisted reactions is that of the 
locale of the reaction.' ' Most of the ionic micelle mediated reactions are 
believed to occur either inside the Stern layer or at the interface between 
micellar surface and bulk water solvent"*" ° (reports revealing occurrence of 
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reactions at the junctural region of Stem and Gouy-Chapman layers^''^^ and 
cross-micellar reactions are scanty^^"^ )^. The main factor involved in the kinetic 
micellar effects on bimolecular reactions is the increased concentration of both 
the reactants i.e., ninhydrin and peptide into a small volume (through 
electrostatic and hydrophobic interactions). Besides this, micelles also exert a 
medium effect influencing reactivity (the effect arises from a combination of 
cage, preorientation, microviscosity, polarity, and charge effects ). The 
location of reactants in the micellar structure and degree of penetration of water 
into micellar structure have a major influence on reactivity. The fact is that the 
micellar p-sew /^o-phase is regarded as a microenvironment having varying 
degrees of polarity, water activity, and hydrophobicity increasing with distance 
from the interfacial region to its core.^' It is therefore not possible to precisely 
locate the site of reaction but, at least, the localization of reactants can be 
considered. Based on purely electrostatic considerations, ninhydrin (due to 
presence of electron cloud^) will be located predominantly in the Stem layer 
and to a lesser extent in the counter ion diffuse layer surrounding the cationic 
micelles, whereas hydrophobic interactions can bring about the incorporation 
of the peptide into the micelles. The micelle thus helps in bringing the 
reactants together which may now orient in a manner suitable for the 
condensation. 
At low CTAB concentration, practically all of the substrate has been 
incorporated into the micellar phase. When bulk of the substrate is incorporated 
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into the micelle, addition of more CTAB generates more cationic micelles 
which simply take up the ninhydrin molecule into the Stern layer, and thereby 
deactivate them, because a ninhydrin molecule in one micelle should not react 
with the complex in another. Another reason of decrease in k,,, could be a 
result of counter ion inhibition. 
At present it would suffice to say only that the reactions, in all 
probability, occur in the Stem layer's water rich-region close to the surface of 
the micelle. (Cordes, in his excellent review, has concluded that the activity 
of water at the surface of ionic micelles is not different from water activity in 
the aqueous pseudo phase.^ *' According to Menger'*, micelle is a porous 
cluster with rough surface in which water molecules penetrate into the 
micelle to fill the voids: thus there is a continuous decrease of water 
activity of the medium from the shear surface to the centre of the micelle.) 
The effect of temperature on the CTAB-catalyzed reactions of peptides 
with ninhydrin in presence of constant CTAB was used to evaluate activation 
parameters. Activation parameters such as activation energy (Eg), enthalpy of 
activation (AH'^ ) and entropy of activation (AS'^ ), are given in Tables 3.7 and 
3.8. The values of Eg clearly suggest that CTAB acts as a catalyst and provides 
a new reaction path with lower activation energy. The variation of the 
activation parameters in CTAB micelles compared in water is as expected, 
because one might expect stabilization of transition state due to presence of 
micelles that facilitate the occurrence of the reaction. The observed large 
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decrease in AS* further strengthens the point. The AH" and AS" values are 
associated to the overall reaction. In a complex reaction each elementary step 
has its own values of enthalpy and entropy. The observed rate constants are 
representative of the total rate and are complex function of true rate and 
binding constants. Therefore, for complex reaction path, a mechanistic 
explanation is not possible on the basis of AH and AS . The fitting of the 
observed k4i at different temperatures to the equation was examined and it was 
found that the Eyring equation is applicable to the micellar media and the 
sensitivity of micelle structure to temperature is kinetically unimportant. A 
meaningful mechanistic explanation of the apparent values of AH'^  and AS^ is 
not possible because the k4/ values do not represent a single elementary kinetic 
step; it is a complex function of true rate, binding, and ionization constants. 
The second-order rate constants km (in s"') and k^ (in mof' dm^ s"') 
cannot be compared directly as the two have different dimensions. In order to 
circumvent the difficulty, Bunton'^ assumed that the comparison can be made 
by considering a volume element of reaction in the micellar pseudo phase and 
then estimating the molarity of the reaction in the volume element. An apparent 
second-order rate constant, k'^ 2, was then defined as 
k'2-Vmkm (3.12) 
where V^ is the molar volume of the reactive region at the micellar surface 
(range of V^ for ionic micelles: 0.14 to 0.35 dm )^.^ '^^ ^ Values of k^'jIK for a 
given reaction do not depend upon the nature or concentration of the inert 
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counterion or upon limited changes in the [ionic reagent]. It has been assumed 
that the overall rate enhancement of bimolecular reactions are due to the 
association/incorporation of both the reactants in the small volume of the 
micellar pseudo-phase,. Micellar surfaces are water rich but are less polar than 
water and do not provide a uniform reaction medium because micelle is a 
porous cluster with a rough surface and deep water filled cavities."* Different 
values of kw/ka'" (Tables 3.15 and 3.16) obtained for the peptides may simply 
reflect the above facts. On the other hand, the variation in kw/k2'" are not related 
in any obvious way to estimate polarities of micellar surfaces. 
The sah effect on micellar catalysis should be considered in the light of 
its competition with the substrate molecule that interacts with the micelle 
electrostatically and hydrophobically. Apart from these, the salting-in or -out 
nature of the particular electrolyte may also have a role to play towards the 
micellar kinetics. Figs. 3.5 and 3.6 show no regular pattern in the presence of 
inorganic salts. Most probably the change in the reactivity is a combined effect 
of the change in the microenvironment of reagents resulting from a change in 
their location in micelles, in the ionic force, etc. However, hydrophobic salts 
("NaBenz, NaSal and NaTos) give marked rate enhancement at low salt 
concentrations, passing through a maximum as the [salt] was increased 
(Figs. 3.7 and 3.8). At sufficiently elevated salt concentrations, micelles grow 
above their size in pure water. In the presence of strongly binding counterions, 
such as salicylate, CTAB forms greatly extended thread-like micellar pseudo-
17 
lattice." The addition of these salts means that we are adding ionic species 
having hydrophobic character. Such anions will be solubilized in the micelle 
palisade layer with the acidic group exposed close to the headgroup region.^ '^^ ^ 
Therefore, in addition to neutralization of micellar positive charge, they will 
restrict solubilization sites to hydrophobic substrates. Thus, they catalyze the 
reaction initially by virtue of increased concentration of reactants in the Stem 
layer. The decreased rate observed at relatively higher concentrations of added 
organic salts is a consequence of the adsorption of hydrophobic anions at the 
micellar surface (adsorption of these anions at higher [salt] is well known ) 
and the exclusion of substrates (i.e., restricted solubilization). The progressive 
withdrawal of the substrate from the reaction site (micellar surface) would slow 
down the rate, as was indeed observed. Another factor which could inhibit the 
rate is the possible micellar growth at higher [salt] as reflected by viscosity data 
(Tables 3.17 and 3.18 and shown in Figs. 3.11 and 3.12). In our case the 
change in morphology from spheroidal micelles to rod-shaped (as inferred by 
viscosity increase^^) would have certain changes on the characteristics of the 
micelle. In rod-shaped micelles the counter-ions bind more tightly and will, 
therefore, suppress the ionic interactions at the micellar surface with a 
concomitant decrease in the rate. 
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TABLE 3.17 
Effect of organic salts on relative viscosity for the reaction of Gly-Gly 
with ninhydrin. 
Reaction conditions: 
[Gly-Gly] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^ [salt] 
(mol dm"^) 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 1.5x10" 
^ 6.0x10" 
= 2.0x10" 
= 5.0 
= 70 °C 
'* mol dm"^ 
^ mol dm"^ 
^ mol dm~^ 
Tlr 
NaBenz NaSal 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.2 
1.3 
1.4 
1.2 
1.2 
1.3 
1.3 
1.3 
1.3 
1.4 
4.7 
7.3 
10.2 
10.6 
11.5 
NaTos 
1.4 
1.4 
1.5 
1.5 
1.6 
1.6 
1.8 
3.5 
6.4 
9.7 
11.2 
12.4 
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TABLE 3.18 
Effect of organic salts on relative viscosity for the reaction of [Gly-Leu] 
with ninhydrin. 
Reaction conditions: 
[Gly-Leu] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 2.0x IQ- 'moIdm' ' 
= 6.0x lO'^moldm'^ 
= 2.0 X 10'^ mol dm'^ 
= 5.0 
- 70 °C 
10^ [salt] r^ 
(mol dm'^) NaBenz NaSal NaTos 
0.2 n M n 
0.5 1.2 1.2 1.4 
1 1.3 1.3 1.5 
3 1.3 1.3 1.7 
5 1.4 1.4 1.7 
7 1.5 2.4 1.9 
10 1.5 2.5 2.1 
20 1.5 3.6 5.1 
30 1.8 10.5 10.9 
40 2.0 12.2 11.9 
50 2.0 13.7 12.2 
60 2.1 13.9 13.6 
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10^[Salt](moldm"^) 
Fig. 3.9: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the 
relative viscosity of Gly-Gly with ninhydrin. Reaction 
conditions: [Gly-Gly] = 1.5 x 10"'' mol dm~ ,^ [ninhydrin] = 
6.0 X 10"^  mol dm"^ [CTAB] = 2.0 x 10"^  mol dm"\ pH = 
5.0, temp. = 70 °C. 
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10^  [Salt] (mol dm"^ ) 
Fig. 3.10: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the 
relative viscosity of Gly-Leu with ninhydrin. Reaction 
conditions: [Gly-Leu] = 2.0 x 10"'' mol dm~ ,^ [ninhydrin] = 
6.0 X 10'^ mol dm"\ [CTAB] = 2.0 x 10"^  mol dm"\ pH = 
5.0, temp. = 70 °C. 
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CHAPTER 4 
%inetics ancf Mechanism ofMetaC-
(Peptide CotnpieJC-!Ninliydrin factions 
in Aqueous andMiceCCar Media 
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The niithydrin reaction mechanism is well 
established but, due to the development of color 
being slow and dependent on a number of factors, 
efforts are continuously being made to improve the 
method. It has also been established that metal ions 
preserve the colored product of ninhydrin-amino 
acid/peptide reaction. Systematic kinetic studies 
have been undertaken in order to account for the 
role of metal ions on the reactivity of coordinated 
amino group of peptide with the coordinated 
carbonyl group of ninhydrin and are described in 
I 
this chapter. 
Part of this work has been published in International Journal of 
Chemical Kinetics, 39., 556 (2007). 
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INTRODUCTION 
Ninhydrin reactions using manual and automated techniques as well as 
ninhydrin spray reagents are widely used to analyze and characterize amino 
acids, peptides, and proteins as well as numerous other ninhydrin positive 
compounds in biomedical, clinical, food, forensic, histochemical, 
microbiological, and nutritional and plant studies. Ninhydrin in aqueous 
solution reacts with a-amino acids to give a compound known as Ruhemann's 
purple (diketohydrindylidenediketohydrindamine, DYDA).' 
The ninhydrin reaction mechanism is well established but, due to the 
development of color being slow and dependent on a number of factors, efforts 
are continuously being made to improve the method.''^ Effect of metal ions on 
ninhydrin reaction was also seen with this viewpoint, as the presence of a metal 
ion in the system favors the condensation of ninhydrin with the peptide by 
enhancing polarization of the carbonyl group, thereby promoting the 
nucleophilic attack. The present study was aimed at exploring yet another 
aspect of the effect of cationic micelles (CTAB) upon metal peptide complex-
ninhydrin reactions and to check whether CTAB micelles change the aqueous 
reaction mechanism. 
Systems involving surfactant constitute a field of great interest due to 
their wide-ranging applications in detergent and pharmaceutical industries, 
food technology, petroleum recovery, and so forth. Surfactants are also one of 
the most important constituents of cells in living systems. Therefore, physics, 
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chemistry, biology, and technology meet at the frontier area of interdisciplinary 
research on association colloids formed by surfactants.'* 
Surfactant aggregates in water and in nonpolar solvents have been 
utilized to mimic the micro-environments of biomacromolecular ensembles. 
Catalysis by micelles resembles the enzyme-catalyzed reactions " and the 
important similarities between micelles and enzymes are: (i) both display 
similar structures by containing hydrophobic core with polar groups on their 
surfaces, (ii) both bind the substrate through non covalent-bond, and (iii) the 
rate constants of micelle catalyzed reactions, when plotted against detergent 
concentrations, give sigmoid-shaped curves, analogous to positive homotropic 
interactions (positive cooperativity) in enzymatic reactions. The effect of ionic 
micelles on the reaction rates of bimolecular reactions, in particular, is due to 
the association/incorporation of the two reactants within the small volume of 
the micellar Stem layer.^ 
In order to elucidate the mechanism of the reactions of ninhydrin with 
Cr(III)-, Ni(II)-, and Cu(II)-peptide complexes, systematic kinetic studies were 
performed by following appearance of the respective colored condensation 
products at different [surfactant], [reactant], [salt] and temperature. The results 
are described in the following pages. 
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A. RESULTS 
The uv-visible spectra of the products formed by the reaction between 
[Met-Pep]""^ complexes and ninhydrin in buffer solution have been recorded in 
the absence and presence of CTAB micelles under different conditions 
(Figs. 2.2 - 2.4, 2.6 - 2.8). It can be seen that the maximum absorbance 
(^ax = 310 nm, except for [Cu(II)-Pep]^, Amax "^  370 nm) of the products 
remains unchanged in presence of micelles; this indicates that the reaction 
products of [Met-Pep]"^ complexes with ninhydrin are the same as in aqueous 
medium. It is to be noted that the absorbance of the products is higher in the 
presence of CTAB micelles, which may be due to strong association between 
the end products and the cationic CTAB micelles. 
Dependence of the Reaction Rate on pH 
The effect of pH on the interaction of ninhydrin with the metal-peptide 
complexes were studied in the range 4.0 to 6.0 at fixed [ninhydrin] (6.0 x 10" 
mol dm"^ ) and [Met-Pep"^] (2.0 x lO'' mol dm'"') in absence as well as presence 
of CTAB micelles at constant temperature (Tables 4.1 - 4.6). 
Dependence of the Reaction Rate on Metal-Peptide Complex 
Concentration 
The effect of metal-peptide complex concentration on the rate constants 
were seen by carrying out the kinetic experiments at different concentrations 
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TABLE 4.1 
Effect of pH on pseudo-Tirst-order rate constants (kobs^  ^^i) for the reaction of 
[Cr(III)-Gly-Gly]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly2l = 2.0 x lO"' mol dm"^  
[ninhydrin] = 6.0 x 10"^  mol dm"^  
[CTAB] = 2.0 X 10"^  mol dm"^ 
Temperature = 70 °C 
pH lO'kobs lO'k^, 
"4J0 O 2J 
4.5 1.7 3.2 
5.0 2.4 4.5 
5.5 5.0 6.1 
6.0 7.0 10.2 
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TABLE 4.2 
Effect of pH on pseudo-first-order rate constants (kobs/ k^ ,,) for the reaction of 
[Ni(II)-Gly-Gly]* with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] = 2.0 x 10"''mo! dm~^  
[ninhydrin] = 6.0 x 10"^  mol dm"^  
[CTAB] = 2.0 X 10"^  mol dm"^  
Temperature = 70 °C 
pH 10'kobs lO 'k^ 
1\ /-„-!> 
To 03 TT 
4.5 0.9 2.3 
5.0 3.1 4.1 
5.5 6.6 8.9 
6.0 7.5 10.6 
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TABLE 4.3 
Effect of pH on pseudo-firsi-ordQv rate constants (kobs/ kv,,) for the reaction of 
[Cu(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Gly1 = 1.5 x 10'^ mol dm"^ 
[ninhydrin] = 6.0 x 10"^  mol dm~^  
[CTAB] = 2.0xl0-^moldm"^ 
Temperature = 70 °C 
pH lO k^obs lO'k^ 
(£^ (s-') 
4.0 1.0 3.8 
4.5 2.3 5.7 
5.0 5.3 6.7 
5.5 6.0 13.9 
6.0 7.1 16.0 
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TABLE 4.4 
Effect of pH on pseudo-first-order rate constants (kobs/ ^yv) ^^^ ^^ ^ reaction of 
[Cr(III)-Gly-Leu]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Leu'"] = 2.0 x 10'' mol dm"^  
[ninhydrin] = 6.0 x lO"-* mol dm"-* 
[CTAB] 
Temperature 
pH 
4.0 
4.5 
5.0 
5.5 
6.0 
= 2.0xl0'^moldm~^ 
= 70 °C 
lO'kobs 
(s-') 
1.6 
2.9 
6.3 
8.1 
10.6 
lO'k^ 
3.6 
6.9 
8.9 
16.2 
19.2 
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TABLE 4.5 
Effect of pH on /?5ewGfo-first-order rate constants (kobs/ k.^ ,,) for the reaction of 
[Ni(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu^] - 2.0 x 10"' mol dm"^  
[ninhydrin] = 6.0 x 10"^  mol dm~^  
[CTAB] = 2.0 X 10"^  mol dm"^  
Temperature = 70 °C 
pH 10'kobs 10'k^ 
(s-') (s-') 
To To u 
4.5 1.4 3.9 
5.0 3.5 6.1 
5.5 5.1 9.2 
6.0 6.3 10.4 
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TABLE 4.6 
Effect of pH on pseudo-first-order rate constants {kohJ k^,) for the reaction of 
[Cu(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leu1 - 2.0 x 10"* moi dm'^ 
[ninhydrin] = 6.0x lO'^moldm"^ 
[CTAB] = 2.0 X 10'^ mol dm~^  
Temperature = 70 °C 
pH lOXbs 10^  k^ 
if^ (s"') 
4.0 1.4 1.8 
4.5 2.5 3.3 
5.0 4.5 6.9 
5.5 7.2 10.1 
6.0 8.3 11.9 
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from 1.0 to 3.5 x 10"'* mol dm"^ at constant values of [ninhydrin] (6.0 x 10"^  
mol dm'^), temperature (70 °C ) and pH (5.0) in absence and presence of CTAB 
(20 X lO''' mol dm"'') (Tables 4.7 - 4.12). The values of pseudo-first order rate 
constants (kobs or k,,,) were found to be independent of the initial concentration 
of metal-peptide complex, thus indicating the order of reaction with respect to 
metal-peptide complex concentration to be unity in both the media. The rate 
law would then be 
rate = d[P]/dt = (kobsork )^ [Met-Pep"^] (4.1) 
where [Met-Pep""*^ ] is the total concentration of metal-peptide complex. 
Dependence of the Reaction Rate on Ninhydrin Concentration 
To find out the order with respect to [ninhydrin], the rate constants were 
determined at different initial ninhydrin concentrations ranging from 6.0 to 
40.0x10"^ mol dm"^  keeping the [Met-Pep"^], temperature (70 °C) and pH 
(5.0) constant in both aqueous and micellar media. The observed rate constant 
values are summarized in Tables 4.13 - 4.18. 
We see that the plots of k^ , vs. [ninhydrin]! (Figs. 4.1 - 4.6) are non-
linear curves passing through the origin that indicate the order to be fractional 
with respect to [ninhydrin] in each case. 
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TABLE 4.7 
.2+ Effect of [Cr(III)-Gly-Gly ] on pseudo-first-order rate constants (kobs/ k^ ,,) for 
i2+ the reaction of [Cr(III)-Gly-Gly] with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0 X 10"^  mol dm~^  
= 2.0x 10~^moldm~^ 
= 5.0 
= 70 °C 
lO'[Cr(III)-Gly-Gly'1 lO' k^ bs lO' k^ 
(mol dm'^) (s"') (s'') 
T o 2A 4^ 5 
1.5 2.4 4.4 
2.0 2.4 4.5 
2.5 2.3 4.4 
3.0 2.4 4.5 
3.5 2.3 4.5 
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TABLE 4.8 
Effect of [Ni(II)-Gly-Gly^] on pseudo-first-order rate constants (kobs/ kv) for the 
reaction of [Ni(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0xl0"^moldm"^ 
= 2.0xl0"^moldm'^ 
= 5.0 
= 70 °C 
10'[Ni(II)-Gly-Gly1 lO'kobs lO'k 
(moldm"^) (s"') (s"') 
1.0 3.1 4.1 
1.5 3.1 4.1 
2.0 3.1 4.1 
2.5 3.1 4.1 
3.0 3.1 4.1 
3.5 3.0 4.1 
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TABLE 4.9 
Effect of [Cu(II)-Gly-Gly^] on pseudo-first-order rate constants (kobs/ ^^) for 
the reaction of [Cu(II)-Gly-Gly]* with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0x 10"^moldm"^ 
= 1.5xl0"^moldm"^ 
= 5.0 
= 70 °C 
lO''[Cu(II)-Gly-Gly1 lO^bs 10^  k^ 
(moldm"^) (s"') (s'') 
T o 52 6^ 6 
1.5 5.2 6.7 
2.0 5.3 6.7 
2.5 5.1 6.7 
3.0 5.3 6.6 
3.5 5.2 6.6 
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TABLE 4.10 
Effect of [Cr(III)-Gly-Leu^^] on pseudo-first-order rate constants (kobs/ k^ ,) for 
the reaction of [Cr(III)-Gly-Leu]^^ with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0 X 10'^ mol dm"^  
= 2.0 X 10"^  mol dm'^ 
= 5.0 
= 70 °C 
1 OlCrCIII^Gly-Leu^l 10' kobs 10' k^ 
(mol dm~ )^ (s"') (s~') 
T o 62 8^ 5 
1.5 6.1 8.6 
2.0 6.3 8.9 
2.5 6.1 8.9 
3.0 6.3 8.6 
3.5 6.3 8.8 
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TABLE 4.11 
Effect of [Ni(II)-Giy-Leu"^] on pseudo-Tirst-order rate constants (kobs/ k^) for 
the reaction of [Ni(II)-Giy-Leu]^ with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0xlO~Voldm"^ 
= 2.0 X 10'^  moi dm"^  
= 5.0 
= 70 °C 
10^[Ni(II)-Gly-Leu+] lO'k^bs 10^  k^ 
(moldm"^) (s'') (s~') 
T o 3 J 63 
1.5 3.5 6.3 
2.0 3.5 6.1 
2.5 3.6 6.0 
3.0 3.5 6.2 
3.5 3.5 6.1 
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TABLE 4.12 
Effect of [Cu(II)-Gly-Leu"^] on pseudo-fiv^t-ovdQv rate constants (kobs/ k^) for 
the reaction of [Cu(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0 X 10"^  mol dm"^  
= 2.0 X 10~^  mol dm'^ 
= 5.0 
= 70 °C 
l0'[Cu(II)-Gly-Leu1 lO'kobs lO'k^ 
(mol dm"^ ) (s"') (s'') 
To 43 6^ 8 
1.5 4.4 6.9 
2.0 4.5 6.9 
2.5 4.4 6.7 
3.0 4.4 6.7 
3.5 4.5 6.8 
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TABLE 4.13 
Effect of [ninhydrin] on /j^ 'eM /^o-first-order rate constants (kobs/ k^) for the 
reaction of [Cr(III)-Gly-Gly]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly^^] 
[CTAB] 
pH 
Temperature 
= 2.0xlO~Voldm"^ 
= 2.0xl0"^moldm"^ 
= 5.0 
= 70 °C 
10^  [ninhydrin] 10^  kobs 10^  k^ 
(mol dm"^) (s"') (s'') 
_ __ 4.5 
10 4.7 7.7 
15 6.9 12.1 
20 9.4 19.0 
25 12.5 24.5 
30 21.2 33.2 
35 27.5 39.5 
40 28.9 41.6 
144 
TABLE 4.14 
Effect of [ninhydrin] on pseudo-fxrst-ovder rate constants {kobJ k^ ,) for the 
reaction of [Ni(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Ni(rr)-GIy-GIyl 
[CTAB] 
pH 
Temperature 
= 2.0xl0~''moldm~^ 
= 2.0 X 10'^  mol dm~^  
= 5.0 
= 70 °C 
10^  [ninhydrin] lO k^obs 10^  k^  
(mol dm~^ ) (s-') (s"') 
~6 31 4.1 
10 6.2 8.9 
15 10.6 14.4 
20 13.3 18.8 
25 16.6 27.8 
30 18.2 30.0 
35 20.6 33.7 
40 21.1 35.6 
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TABLE 4.15 
Effect of [ninhydrin] on pseudo-firsi-order rate constants {ko^J k.^ ) for the 
reaction of [CuCIO-Gly-Glyj'^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Gly'] = 1.5 x 10"' mol dm"' 
[CTAB] = 2.0xl0-^moldm~^ 
pH = 5.0 
Temperature = 70 °C 
10^  [ninhydrin] lO k^obs 10^  k^ , 
(mol dm"^ ) (s"') (s"') 
~6 5 l 6?7 
10 8.6 11.8 
15 14.2 17.5 
20 16.6 21.2 
25 19.2 30.2 
30 20.5 32.1 
35 23.0 34.5 
40 23.8 35.0 
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TABLE 4.16 
Effect of [ninhydrin] on pseudo-first-order rate constants (kobs/ ki|/) for the 
reaction of [Cr(III)-GIy-Leu]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Leu^^] 
[CTAB] 
pH 
Temperature 
= 2.0 X 10"''mol dm'^ 
= 2.0 X 10"^  mol dm"^ 
= 5.0 
= 70 °C 
10^  [ninhydrin] 10^  kobs 10^  k^ 
(mol dm"^) (s~') (s"') 
__ _ 8.9 
10 9.1 11.2 
15 13.8 18.2 
20 17.8 23.9 
25 20.5 27.5 
30 22.3 30.8 
35 25.0 31.9 
40 26.4 32.7 
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TABLE 4.17 
Effect of [ninhydrin] on pseudo-firsi-order rate constants {k^^J k^) for the 
reaction of [Ni(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-GIy-Leu1 
[CTAB] 
pH 
Temperature 
= 2.0 X 10"* mol dm'^ 
= 2.0 X 10"^  mol dm~^  
= 5.0 
= 70 °C 
10^  [ninhydrin] 10^  kobs 10^  k^ 
(mol dm"^) (s~') (s"') 
~6 33 6.1 
10 6.2 10.3 
15 11.1 18.5 
20 16.0 23.5 
25 19.6 30.1 
30 22.6 33.5 
35 23.9 34.6 
40 25.0 36.1 
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TABLE 4.18 
Effect of [ninhydrin] on pseudo-first-ordQv rate constants (kobs/ ^^) for the 
reaction of [Cu(II)-Gly-Leu]^with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leu^] = 2.0 x 10'^ mol dm~^  
[CTAB] = 2.0 X 10"^  mol dm~^  
pH = 5.0 
Temperature = 70 °C 
10^  [ninhydrin] 10^  U s 10^  k^ 
(mol dm'^) (s"') (s"') 
_ _ _ _ 
10 7.6 11.5 
15 12.2 18.0 
20 15.1 22.4 
25 18.5 29.4 
30 21.2 31.6 
35 23.6 35.6 • 
40 24.3 37.1 
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Fig. 4.1: Effect of [ninhydrin] on the reaction rate of [Cr(III)-Gly-
i2+ Gly] complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10"^  mol dm'^  (B). Reaction 
conditions: [Cr(III)-Gly-Gly^^] = 2.0 x lO"'' mol dm"\ pH = 5.0, 
temp. = 70 °C. 
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Fig. 4.2: Effect of [ninhydrin] on the reaction rate of [Ni(II)-GIy-
Gly]^ complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10"^  mol dm"^  (B). Reaction 
conditions: [Ni(II)-Gly-GIy^] = 2.0 x 10""* mol dm"^ pH = 5.0, 
temp. = 70 °C. 
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Fig. 4.3: Effect of [ninhydrin] on the reaction rate of [Cu(II)-Gly-
Gly]* complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10"^  mol dm~^  (B). Reaction 
conditions: [Cu(II)-Gly-Gly^] = 1.5 x lO''' mol dm~\ pH = 5.0, 
temp.- 70 °C. 
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Fig. 4.4: Effect of [ninhydrin] on the reaction rate of [Cr(III)-Gly-
Leu]^^ complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10~^  mol dm'^  (B). Reaction 
conditions: [Cr(III)-Gly-Leu^^] = 2.0 x 10"" mol dm"^ pH = 5.0, 
temp. = 70 °C. 
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Fig. 4.5: Effect of [ninhydrin] on the reaction rate of [Ni(II)-Gly-
Leu]^ complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10"^  mo! dm'^ (B). Reaction 
conditions: [Ni(II)-Gly-Leu^] = 2.0 x lO"'* mol dm~^ pH = 5.0, 
temp. = 70 °C. 
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Fig. 4.6: Effect of [ninhydrin] on the reaction rate of [Cu(II)-Gly-
Leu]^ complex with ninhydrin in absence of CTAB (A), and in 
presence of [CTAB] = 2.0 x 10"^  mol dm"^  (B). Reaction 
conditions: [Cu(II)-Gly-Leu^] = 2.0 x 10"^  mol dm"\ pH = 5.0, 
temp. = 70 °C. 
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Dependence of the Reaction Rate on Temperature 
To see the effect of temperature on the reaction rate, a series of kinetic 
runs were carried out at different temperatures from 60 °C to 80 °C at fixed 
[ninhydrin] (6.0 x 10"^  mol dm"^), [Met-Pep"^] (2.0 x 10'^ mol dm~^) and pH 
(5.0) in the absence and presence of CTAB (20 x 10 mol dm ). The values of 
rate constants are given in Tables 4.19-4.24. The data obtained were found to 
fit the Arrhenius and Eyring eqs. (3.1) and (3.2). The activation parameters, 
calculated using a non linear least- squares technique, are also recorded in 
Tables 4.19-4.24. 
Dependence of the Reaction Rate on Surfactant Concentration 
The dependence of the /j^ew^/o-first-order rate constants on surfactant 
concentration was determined by carrying out a series of kinetic runs at 
different [surfactant] with fixed [ninhydrin] (6.0 x 10~^  mol dm~ )^ and [Met-
Pep"^] (2.0 x lO'"* mol dm~ )^ at constant temperature (70 °C) and pH (5.0). The 
observed p^ewcto-first-order rate constants (k ,^, s~') typically increase with 
increasing CTAB concentration, reach a maximum value, and then, with 
further increase in CTAB concentration, a decreasing effect is observed. The 
results are summarized in Tables 4.25 - 4.30 and are shown graphically in Figs. 
4.7 - 4.12. The profile shapes are perfectly general being a common 
characteristic of reactions catalyzed by micelles.'"'" 
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TABLE 4.19 
Effect of temperature on p^ew^/o-first-order rate constants (kobs/ ^^i) for the 
reaction of [Cr(III)-Gly-Gly]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly^^] 
[ninhydrin] 
[CTAB] 
pH 
= 2.0x lO""* mol dm"^  
= 6.0 X 10"^  mo! dm~^  
= 2.0 X 10"^  mol dm~^  
= 5.0 
Temperature 10 k^ bs 10 k^ , 
(°C) (^ (s"') 
2.5 
3.1 
4.5 
6.8 
9.4 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH^CkJmor') 
-AS* (JK~'mor') 
1.2 
1.9 
2.4 
4.5 
5.1 
71.2 
68.4 
122.6 
63.8 
61.0 
135.7 
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TABLE 4.20 
Effect of temperature on pseudo-firsi-order rate constants {kohJ k»^ ) for the 
reaction of [Ni(II)-Gly-Gly]'^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] 
[ninhydrin] 
[CTAB] 
Ph 
Temperature 
(°C) 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH" (kJmor') 
-AS" (JK~'mor') 
= 2.0 X 10'^ 
= 6.0 X 10"^  
= 2.0 X 10~^  
= 5.0 
lOXb: 
1.5 
1.9 
3.1 
3.7 
4.6 
58.4 
55.5 
177.9 
mol dm~^  
mol dm"^ 
mol dm" 
s lO'k^ 
2.9 
3.7 
4.1 
5.6 
7.2 
45.6 
42.8 
203.6 
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TABLE 4.21 
Effect of temperature on ;75ewafo-first-order rate constants (kobJ k^ ,) for the 
reaction of [Cu(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Gly^] = 1.5 x 10'' mol dm"^  
[ninhydrin] = 6.0 x 10'^ mol dm~^  
[CTAB] = 2.0 X 10'^ mol dm~^  
pH = 5.0 
Temperature 10^  kobs 10^  k^^ 
(°C) (s-') (s-') 
_ _ 
5.3 
6.7 
9.6 
12.5 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH^Cklmol"') 
-AS'' (JK~'mor') 
2.4 
3.3 
5.3 
7.2 
9.1 
74.6 
71.8 
133.6 
60.3 
57.4 
156.0 
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TABLE 4.22 
Effect of temperature on p^^wc/o-first-order rate constants (kobs^  k,,,) for the 
reaction of [Cr(III)-Gly-Leu]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-
[ninhydrin] 
[CTAB] 
pH 
Leu^^] = 2.0xI0'''moldm'^ 
= 6.0xl0"^moldm"^ 
= 2.0xl0'^moldm~^ 
- 5.0 
Temperature lO k^obs 
(°C) (s-') 
10'k^ 
(s-') 
5.8 
6.7 
8.9 
10.7 
13.5 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH*(kJmor') 
-AS^ (JK^'mor') 
3.3 
4.0 
6.3 
8.9 
11.9 
67.9 
65.1 
133.0 
39.2 
36.4 
200.0 
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TABLE 4.23 
Effect of temperature on pseudo-fxrsX-ordev rate constants (k^bJ kvi/) for the 
reaction of [Ni(ll)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu1 = 2.0 x 10^' mol dm"' 
[ninhydrin] = 6.0x 10"^  mol dm'^ 
[CTAB] = 2.0x10-2 mol dm-' 
pH = 5.0 
Temperature 10^  kobs 10^  k 
rc) (S-) ( s^ 
2.6 
3.9 
6.1 
6.8 
9.1 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH^CkJmor') 
-AS*(JK-'mor') 
1.6 
2.5 
3.5 
5.0 
7.6 
79.4 
76.6 
151.0 
v 
65.0 
62.2 
156.0 
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TABLE 4.24 
Effect of temperature on p^ewJo-first-order rate constants (kobs/ Ki) for the 
reaction of [Cu(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leu1 = 2.0 x 10"^  mol dm"^  
[ninhydrin] = 6.0 x 10"''mol dm"-^  
[CTAB] - 2.0 X 10"^  mol dm"^  
pH - 5.0 
Temperature 10 kobs 10^ k^ ^ 
(°C) (s^|) (s-') 
3.2 
4.4 
6.9 
8.9 
11.7 
60 
65 
70 
75 
80 
Parameters 
Ea(kJmor') 
AH*'(kJmoJ'') 
-AS" (JK~'mor') 
1.7 
2.5 
4.5 
7.1 
9.3 
79.4 
76.6 
151.3 
65.1 
62.2 
156.1 
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TABLE 4.25 
Effect of [CTAB] on p^ewc^o-first-order rate constants(kv|,) for the reaction of 
[Cr(III)-Gly-Gly]^Vithninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly^1 = 2.0 x 10"' mol dm"-^  
[ninhydrin] 
PH 
Temperature 
= 6.0 X 10~^  mol dm"^ 
= 5.0 
- 70 °C 
10^[CTAB] 
(mol dm"^) 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
10'k^ 
2.4 
2.6 
2.9 
3.0 
3.4 
3.8 
4.0 
4.5 
6.5 
7.3 
5.8 
4.1 
4.0 
3.8 
3.8 
3.5 
1 " '^H/cal 
-
2.5 
2.8 
2.9 
3.3 
3.7 
3.9 
4.5 
6.4 
7.8 
5.7 
4.0 
4.0 
3.6 
3.7 
3.4 
-
0.04 
0.03 
0.03 
0.02 
0.02 
0.02 
0.0 
0.01 
-0.06 
0.01 
0.02 
0.0 
0.05 
0.02 
0.02 
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TABLE 4.26 
Effect of [CTAB] on pseudo-first-order rate constants (k^) for the reaction of 
[Ni(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] 
[ninhydrin] 
pH 
Temperature 
= 2.0 X 10"^  mol dm~^  
= 6.0xl0"^moldm~^ 
= 5.0 
= 70 °C 
10^[CTAB] 
(mol dm"^) 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
10'k,, 
3.1 
3.1 
3.1 
3.2 
3.2 
3.5 
3.8 
4.1 
4.8 
5.5 
6.8 
8.0 
7.5 
6.2 
4.9 
3.9 
1 U K^|,(;al 
-
3.0 
3.0 
3.1 
3.2 
3.6 
3.7 
4.0 
4.7 
5.4 
6.7 
8.0 
7.3 
6.1 
4.7 
3.8 
-
0.03 
0.03 
0.03 
0.0 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.0 
0.02 
0.01 
0.04 
0.02 
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TABLE 4.27 
Effect of [CTAB] on pseudo-first-order rate constants (k ,^) for the reaction of 
[Cu(II)-GIy-GIy]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Gly^] 
[ninhydrin] 
pH 
Temperature 
10^[CTAB] 
(mol dm~ )^ 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
= 
= 
10'k^ 
5.3 
5.1 
5.2 
5.4 
6.0 
5.9 
6.3 
6.7 
8.0 
9.1 
9.5 
10.2 
10.8 
9.0 
7.5 
6.4 
1.5 
6.0 
5.0 
70' 
xlO-' 
xlO'^ 
'C 
10'k, 
-
5.0 
5.0 
5.3 
5.8 
5.8 
6.2 
6.6 
7.9 
9.1 
9.5 
10.1 
10.7 
8.8 
7.4 
6.3 
mol dm 
mol dm" 
i|/cal 
3 
3 
-
0.01 
0.03 
0.01 
0.03 
0.01 
0.01 
0.01 
0.01 
0.0 
0.0 
0.01 
0.0 
0.02 
0.01 
0.01 
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TABLE 4.28 
Effect of [CTAB] on pseudo-firsi-order rate constants (kv^ ) for the reaction of 
[Cr(III)-Gly-Leu]^Vithninhydrin. 
Reaction conditions: 
[Cr(III)- Gly-Leu^^] 
[ninhydrin] 
pH 
Temperature 
10^[CTAB] 
(mol dm~ )^ 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
10'k^ 
6.3 
6.7 
6.5 
6.8 
6.9 
6.9 
7.6 
8.9 
9.8 
10.2 
10.4 
10.3 
8.3 
7.8 
6.3 
5.8 
= 2.0 
= 6.0 
= 5.0 
= 70 
xlO"' 
xlO"-
°C 
' mol dm" 
' mol dm" 
i " '^ (^/cal 
(s-) 
-
6.5 
6.3 
6.7 
6.8 
6.8 
7.5 
8.8 
9.7 
10.2 
10.4 
10.2 
8.2 
7.6 
6.2 
5.8 
-3 
-3 
-
0.02 
0.03 
0.01 
0.01 
0.01 
0.01 
O.OI 
0.01 
0.0 
0.0 
0.01 
0.01 
0.02 
0.01 
0.0 
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TABLE 4.29 
Effect of [CTAB] on pseudo-first-ovdQr rate constants (kv^ ) for the reaction of 
[Ni(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu 
[ninhydrin] 
pH 
Temperature 
10^[CTAB] 
(mol dm"^) 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
1 
= 
= 
10^  kv, 
3.5 
3.7 
4.0 
4.4 
4.7 
5.7 
6.2 
6.1 
6.1 
6.2 
5.5 
4.7 
4.5 
4.3 
3.8 
3.4 
2.0 
6.0 
5.0 
70^ 
xlO"'* 
xlO"^ 
'C 
mol dm ^  
mol dm"^ 
1 U Kyjical 
-
3.6 
3.8 
4.3 
4.6 
5.7 
6.2 
6.0 
6.1 
6.1 
5.4 
4.7 
4.3 
4.2 
3.8 
3.3 
-
0.02 
0.05 
0.02 
0.02 
0.0 
0.0 
0.01 
0.0 
0.01 
0.02 
0.0 
0.04 
0.02 
0.0 
0.02 
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TABLE 4.30 
Effect of [CTAB] on />5eMc/o-first-order rate constants (k^^,) for the reaction of 
[Cu(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-GIy-Leu 
[ninhydrin] 
pH 
Temperature 
10^[CTAB] 
(mol dm~ )^ 
0 
2 
4 
6 
8 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 
1 = 
= 
-
10'k^ 
4.5 
4.9 
5.3 
5.7 
6.0 
6.3 
6.9 
6.9 
6.6 
6.4 
5.5 
5.5 
5.2 
4.8 
4.2 
4.0 
2.0 
6.0 
5.0 
70 ' 
xlO-' 
xlO"^ 
'C 
mol dm ^  
mol dm~^  
1U Kjj/cal 
-
4.8 
5.2 
5.6 
5.9 
6.3 
6.9 
6.5 
6.5 
6.3 
5.4 
5.4 
5.0 
4.7 
4.2 
3.9 
-
0.02 
0.01 
0.01 
0.02 
0.0 
0.0 
0.01 
0.01 
0.01 
0.02 
0.02 
0.03 
0.02 
0.0 
0.02 
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10^[CTAB](moldm"^) 
i2+ Fig. 4.7: Effect of [CTAB] on the reaction rate of [Cr(III)-Gly-Gly] 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10~^  mol dm"^ [Cr(III)-Gly-Gly^^] = 2.0 x lO''' mol dm~\ pH = 
5.0, temp. = 70 °C. 
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10'[CTAB](molclm"^) 
Fig. 4.8: Effect of [CTAB] on the reaction rate of [Ni(II)-Gly-Gly]^ 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10"^  mol dm"\ [Ni(ll)-Gly-Gly^] = 2.0 x 10"" mol dnf\ pH = 
5.0, temp. = 70 °C. 
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10^[CTAB](moIdm"^) 
Fig. 4.9: Effect of [CTAB] on the reaction rate of [Cu(II)-Gly-Gly]^ 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10"^  mol dm"^ [Cu(II)-Gly-Gly^] = 1.5 x lO"'' mol dm"^ pH = 
5.0, temp. = 70 °C. 
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10'[CTAB](moldm') 
Fig. 4.10: Effect of [CTAB] on the reaction rate of [Cr(III)-Gly-Leu]^^ 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10"^  mol dm"\ [Cr(III)-Gly-Leu^^] = 2.0 x 10"^  mol dm"^ pH = 
5.0, temp. = 70 °C. 
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o 
10^ [CTAB] (mol dm"') 
Fig. 4.11: Effect of [CTAB] on the reaction rate of [Ni(II)-Gly-Leu]^ 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10"^  mo! dm"^ [Ni(II)-Gly-Leu^] = 2.0 x 10"'' mo! dm"\ pH = 
5.0, temp. = 70 °C. 
^ 
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00 
O 
10'[CTAB](moldm'') 
Fig. 4.12: Effect of [CTAB] on the reaction rate of [Cu(II)-Gly-Leu]^ 
complex with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 
10"^  moi dm"^ [Cu(II)-Gly-Leu^] = 2.0 x 10"'' mol dm"^ pH = 
5.0, temp. = 70 °C. 
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Dependence of Reaction Rate on Salt Concentrations 
Presence of salts in ionic micellar systems is known to induce structural 
changes which may, in turn, modify substrate-surfactant interactions. With this 
viewpoint, the effect of added salts on the reactions were also seen. The salt 
effects on the micelle-catalyzed ninhydrin - metal- coordinated peptide 
reactions were studied at fixed [Met-Pep"^], [ninhydrin], [CTAB], pH and 
temperature. The k^ values obtained with inorganic and organic salts 
(Tables 4.31 - 4.42) are shown graphically in Figs. 4 .13- 4.24. 
B. DISCUSSION 
(A) Reactions in Absence of CTAB Micelles 
It is well known that lone-pair electrons of amino group are necessary 
for nucleophilic attack on the carbonyl group of ninhydrin.'"'^"'^ In a metal-
peptide complex (A), this lone pair of electrons is not free (Scheme 4.1), 
therefore, nucleophilic attack is not possible. The reaction, therefore, proceeds 
through condensation of coordinated amino group of peptides to the 
coordinated carbonyl group of ninhydrin within the coordination sphere of the 
metal (B to P). The coordination of both the reactants (ninhydrin and peptide) 
with the same metal ion is an example of template mechanism. The presence 
of metal ion brings the reactive groups together and provides a better chance 
for their combination within its coordination sphere. In order to confirm the 
cleavage of -COOH groups, we have experimentally tested that no CO2 is 
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TABLE 4.31 
Effect of inorganic salts on /?5eMc/o-first-order rate constants (kv,;) for the 
reaction of [Cr(III)-Gly-Gly]'^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly^1 = 2.0 x 10"^  mol dm"^ 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0xl0"^moldm"^ 
- 2.0x 10"^moldm"^ 
= 5.0 
- 70 °C 
[salt] 
(mol dm~ )^ NaCl 
4.5 
4.8 
4.8 
4.5 
4.9 
5.2 
5.5 
5.8 
5.6 
5.9 
6.3 
10'k,(s- ') 
NaBr 
4.5 
4.2 
4.4 
4.5 
4.7 
4.7 
5.0 
5.1 
4.8 
5.2 
5.5 
Na2S04 
4.5 
3.8 
4.0 
3.1 
3.2 
3.4 
3.3 
3.5 
4.0 
4.1 
4.1 
0.0 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
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TABLE 4.32 
Effect of inorganic salts on pseudo-firsi-order rate constants (kobJ k ,^) for the 
reaction of [Ni(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] 
[ninhydrin] 
[CTAB] 
Ph 
Temperature 
= 2.0xl0"%oldm~^ 
= 6.0 X 10"^  mol dm~^  
= 2.0 X 10"^  mol dm~^  
= 5.0 
= 70 °C 
[salt] 10'k^(s-') 
(moldm"^) NaCl NaBr Na2S04 
~a0 41 4J 41 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
4.2 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.8 
5.9 
6.1 
4.1 
4.1 
4.2 
4.2 
4.2 
4.4 
4.4 
4.7 
5.0 
5.2 
4.8 
4.9 
5.0 
5.2 
5.6 
6.0 
5.6 
4.7 
3.9 
3.1 
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TABLE 4.33 
Effect of inorganic salts on pseudo-first-order rate constants (kobJ kv,/) for the 
reaction of [Cu(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Giy-Gly^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 1.5xI0"*moldm"^ 
= 6.0 X 10"^  mol dm"^ 
= 2.0 X 10"^  mol dm"^ 
= 5.0 
= 70 °C 
[salt] 10^k^(s"') 
(moldm"^) NaCl NaBr Na2S04 
"OO 6J 6 J 6 J 
0.05 4.8 4.9 6.7 
0.1 4.2 4.6 7.4 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
3.5 
3.1 
2.5 
3.7 
3.6 
3.8 
3.9 
3.8 
3.6 
2.5 
2.0 
2.8 
4.2 
5.6 
6.0 
6.5 
7.8 
8.3 
9.6 
11.6 
11.9 
12.0 
11.2 
8.4 
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TABLE 4.34 
Effect of inorganic salts on pseudo-first-order rate constants (k^ )^ for the 
reaction of [Cr(III)-Gly-Leu]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Leu^1 = 2.0 x 10"* mol dm"^  
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 6.0x 10"^moldm"^ 
^ 2.0xl0"^moldm"^ 
= 5.0 
- 70 °C 
[salt] 10'k^(s-') 
(moldm"^) NaCl NaBr Na2S04 
"0!0 8^ 9 8^ 9 8^ 9 
0.05 9.6 8.6 9.3 
0.1 9.8 7.9 10.0 
0.2 10.1 8.1 9.1 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
10.1 
10.3 
10.6 
10.7 
10.7 
10.5 
10.1 
8.6 
8.7 
9.0 
9.1 
9.4 
9.4 
9.7 
9.5 
8.1 
7.7 
7.6 
7.6 
7.6 
7.4 
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TABLE 4.35 
Effect of inorganic salts on pseudo-first-order rate constants (kohJ k^ ,) for the 
reaction of [Ni(II)-Gly-Leu]* with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu^] - 2.0x 10"''mol dm~^  
[ninhydrin] = 6.0 x lO"-* mol dm"^ 
[CTAB] - 2.0xl0-^moldm"^ 
pH = 5.0 
Temperature = 70 °C 
[salt] lO'kUs-') 
(moldm"^) NaCl NaBr Na2S04 
"OO 6 l 61 6 l 
0.05 5.2 4.8 5.3 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
5.8 
6.4 
6.6 
7.0 
7.1 
7.3 
7.8 
7.8 
7.9 
5.3 
5.4 
5.8 
6.0 
6.0 
5.6 
5.5 
5.3 
5.4 
5.3 
5.3 
5.5 
5.7 
5.6 
5.4 
5.5 
5.0 
4.6 
180 
TABLE 4.36 
Effect of inorganic salts on pseudo-first-order rate constants (kobs/ ^^i) for the 
reaction of [Cu(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leu^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
^ 2.0 X 10"^  mol dm"^  
= 6.0 X 10"^  mol dm"^  
= 2.0xl0"^moldm"^ 
- 5.0 
- 70 °C 
[salt] 
(mol dm""') NaCl 
6.9 
6.9 
7.3 
7.5 
7.4 
7.9 
8.0 
8.3 
8.7 
8.5 
8.8 
10'k^(s-') 
NaBr 
6.9 
6.7 
6.5 
6.6 
6.9 
7.0 
7.2 
7.1 
7.5 
7.7 
7.9 
Na2S04 
6.9 
6.5 
6.6 
6.7 
6.8 
6.8 
6.8 
7.0 
7.1 
7.2 
7.2 
0.0 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
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TABLE 4.37 
Effect of organic salts on p^ewc/o-first-order rate constants {k^) for the reaction 
of [Cr(III)-Gly-Gly]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly2"] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0x10" 
^ 6.0x10"-
= 2.0 X 10"' 
= 5.0 
= 70 °C 
* mol dm~^  
' mol dm~^  
^ mol dm~^  
10'k,(s- ') 
NaBenz NaSal 
4.5 
5.2 
9.9 
11.8 
12.3 
13.8 
12.5 
12.2 
7.3 
7.5 
6.5 
6.7 
6.7 
4.5 
8.5 
11.0 
10.5 
10.9 
8.6 
6.6 
5.7 
4.2 
3.8 
3.5 
3.2 
3.3 
NaTos 
4.5 
7.2 
8.5 
9.9 
11.0 
10.8 
11.2 
7.0 
3.6 
2.1 
2.2 
2.0 
2.0 
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TABLE 4.38 
Effect of organic salts on pseudo-first-order rate constants (k ,^) for the reaction 
of [Ni(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
= 
= 
= 
= 
= 
2.0 X lO'"* mol dm"^  
6.0 X 10"^  mol dm~^  
2.0xl0'^moldm"^ 
5.0 
70 °C 
10^  [salt] 
(mol dm~ )^ 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
NaBenz 
4.1 
6.0 
7.5 
8.4 
9.7 
11.0 
12.6 
14.2 
13.5 
13.2 
12.5 
12.5 
11.0 
10'k^(s-') 
NaSal 
4.1 
5.6 
6.8 
7.7 
9.2 
12.1 
13.5 
12.7 
10.5 
8.6 
6.0 
5.1 
3.6 
NaTos 
4.1 
6.3 
6.2 
7.2 
7.5 
6.9 
5.6 
5.2 
5.5 
4.7 
4.5 
4.1 
4.2 
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TABLE 4.39 
Effect of organic salts on pseudo-firsi-order rate constants (kv,,) for the reaction 
of [Cu(II)-Gly-Gly]^ with ninhydrin. 
Reaction conditions: 
[Cuai^Gly-Gly^^] = 1.5 x 10"' mol dm"^  
[ninhydrin] - 6.0 x lO'-* mol dm""* 
[CTAB] = 2.0xl0"^moldm-^ 
pH = 5.0 
Temperature = 70 °C 
10^1 
(mol 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
[salt] 
1 dm"^) NaBenz 
6.7 
8.2 
8.4 
9.4 
9.7 
11.6 
13.5 
12.3 
8.4 
7.2 
5.9 
6.9 
6.5 
10'k,(s- ') 
NaSal 
6.7 
7.1 
7.1 
8.4 
10.2 
12.4 
10.8 
9.6 
7.2 
5.4 
5.2 
4.3 
4.0 
NaTos 
6.7 
7.6 
8.9 
10.0 
5.3 
4.3 
4.3 
4.0 
4.1 
3.7 
3.9 
3.5 
3.3 
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TABLE 4.40 
Effect of organic salts on pseudo-first-order rate constants (kv,,) for the reaction 
of [Cr(III)-Gly-Leu]^^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Leu^^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0x10" 
= 6.0x10" 
= 2.0x10" 
= 5.0 
= 70 °C 
'' mol dm"^  
^ mol dm"^  
^ mol dm"^ 
10'k^(s"') 
NaBenz NaSal 
8.9 
10.0 
9.8 
9.9 
10.5 
10.8 
11.7 
12.1 
12.9 
13.4 
13.7 
13.5 
13.0 
8.9 
9.7 
11.1 
12.0 
12.4 
11.2 
10.4 
9.3 
9.0 
8.8 
8.6 
8.5 
8.1 
NaTos 
8.9 
9.8 
10.4 
11.3 
8.1 
7.4 
6.7 
5.8 
5.1 
4.5 
4.0 
3.8 
3.6 
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TABLE 4.41 
Effect of organic salts on pseudo-first-order rate constants (k^ ,,) for the reaction 
of [Ni(II)-Gly-Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0 
= 6.0 
-= 2.0 
= 5.0 
= 70 
xlO"" 
xlO"^ 
xlO"^ 
°C 
mol dn: 
mol dn-
f' 
f' 
mol dm"^  
NaBenz 
6.1 
6.2 
6.8 
7.4 
8.9 
9.3 
9.4 
10.5 
10.7 
10.3 
10.1 
9.7 
10.2 
10'k,„(s-') 
NaSal 
6.1 
6.9 
7.3 
7.9 
6.1 
6.0 
5.8 
5.1 
4.9 
4.3 
4.9 
4.4 
4.2 
NaTos 
6.1 
5.8 
6.3 
6.5 
6.5 
6.4 
5.2 
4.5 
4.0 
3.9 
3.6 
3.4 
3.5 
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TABLE 4.42 
Effect of organic salts on pseudo-first-order rate constants (k^ )^ for the reaction 
of [Cu(II)-Gly-Leu]'^  with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leu^] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.0 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0 
= 6.0 
= 2.0 
= 5.0 
= 70 
xlO"' 
xlO~^ 
xlO~^ 
°C 
mol dm 
mol dm 
mol dm 
NaBenz 
6.9 
7.3 
9.1 
10.8 
13.6 
13.9 
14.1 
14.6 
15.5 
14.9 
14.7 
14.0 
13.8 
-3 
-3 
-3 
10'k^(s-') 
NaSal 
6.9 
7.8 
9.9 
10.3 
10.2 
7.7 
7.5 
6.6 
6.1 
5.8 
5.4 
5.6 
5.2 
NaTos 
6.9 
8.2 
9.5 
10.2 
11.3 
5.9 
5.7 
5.1 
4.8 
4.8 
4.3 
4.0 
4.0 
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[Salt] (mol dm ) 
Fig. 4.13: Effect of NaCl (B), NaBr (A), and Na2S04 (C) on the reaction 
rate of [Cr(III)-Gly-Gly]^* complex with ninhydrin. Reaction 
conditions: [Cr(IIl)-Gly-Gly^^] = 2.0 x 10"'' mol dm"\ 
[ninhydrin] = 6.0 x 10^ ^ mol dnf\ [CTAB] = 2.0 x 10"^  mol 
dm~\ pH = 5.0, temp. = 70 °C. 
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o 
-3N [Salt] (mol dm ) 
Fig. 4.14: Effect of NaCl (B), NaBr (A), and Na2S04 (C) on the reaction 
rate of [Ni(II)-Gly-Gly]^ complex with ninhydrin. Reaction 
conditions: [Ni(II)-Gly-Gly^] = 2.0 x 10'"* mol dm~^ , [ninhydrin] 
- 6.0 X 10"^  mol dm"^ [CTAB] = 2.0 x 10'^  mol dm"^ pH = 5.0, 
temp. - 70 °C. 
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-3^ [Salt] (mol dm ) 
Fig. 4.15: Effect of NaCl (B), NaBr (A), and Na2S04 (C) on the reaction 
rate of [Cu(II)-Gly-Gly]^ complex with ninhydrin. Reaction 
conditiom: [Cu(II)-Gly-Gly^] = 1.5 x 10"'* mol dm"\ [ninhydrin] 
- 6.0 X 10-^  mol dm"\ [CTAB] = 2.0 x 10"^  mol drn\ pH = 5.0, 
temp. = 70 °C. 
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[Salt] (mol dm ) 
Fig. 4.16: Effect of NaCl (B), NaBr (A), and Na2S04 (C). on the reaction 
rate of [Cr(III)-Gly-Leu]^* complex with ninhydrin. Reaction 
conditions: [Cr(III)-Gly-Leu^^] = 2.0 x 10"" mol dm"\ 
[ninhydrin] = 6.0 x 10'^ mol dm~^ [CTAB] = 2.0 x 10"^  mol 
dm"^ pH - 5.0, temp. = 70 °C. 
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-3. [Salt] (mol dm ) 
Fig. 4.17: Effect of NaCl (B), NaBr (A), and Na2S04 (C) on the reaction 
rate of [Ni(II)-Gly-Leu]^ complex with ninhydrin. Reaction 
conditions: [Ni(II)-Gly-Leu^] = 2.0 x 10'" mol dm'\ [ninhydrin] 
= 6.0 X 10'^  mol dm"^ [CTAB] - 2.0 x 10~^  mol dm"^ pH = 5.0, 
temp. = 70 °C. 
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[Salt] (mol dm ) 
Fig. 4.18: Effect of NaCl (B), NaBr (A), and Na2S04 (C) on the reaction 
rate of [Cu(II)-Gly-Leu]^ complex with ninhydrin. Reaction 
conditions: [CuCIO-Gly-Leu" ]^ = 2.0 x 10"^  mol dm~^ [ninhydrin] 
= 6.0 X 10"^  mol dm"^ [CTAB] = 2.0 x 10"^  mol dm ^ pH = 5.0, 
temp. - 70 °C. 
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lO^[Salt](moldm'^) 
Fig. 4.19: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Cr(III)-GIy-Gly]^'^ complex with ninhydrin. Reaction 
conditions: [Cr(IlI)-Gly-Gly^^] - 2.0 x 10"* mol d m ^ 
[ninhydrin] = 6.0 x 10"^  mol dm"^ [CTAB] = 2.0 x 10"^  mol 
dm"\ pH = 5.0, temp. = 70 °C. 
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10'[SaIt](moldm'') 
Fig. 4.20: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the 
reaction rate of [Ni(II)-GIy-Gly]^ complex with ninhydrin. 
Reaction conditions: [Ni(II)-Gly-Gly^] = 2.0 x 10'" mol dm~\ 
[ninhydrin] = 6.0 x 10"^  mol dnf\ [CTAB] = 2.0 x 10"^  mol 
6m~\ pH - 5.0, temp. = 70 °C. 
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10'[Salt](moldm"^) 
Fig. 4.21: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Cu(II)-Gly-Gly]'^  complex with ninhydrin. Reaction 
conditions: [Cu(II)-Gly-Gly^] = 1.5 x 10"%ol dm~\ [ninhydrin] 
= 6.0 X 10~^  mol dm\ [CTAB] = 2.0 x 10"^  mol dnC\ pH = 5.0, 
temp. = 70 °C. 
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10'[Salt](moldm'') 
Fig. 4.22: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Cr(III)-Gly-Leu] complex with ninhydrin. Reaction 
conditions: [Cr(IIl)-Gly-Leu^^] = 2.0 x 10"'' mo! dm"\ 
[ninhydrin] = 6.0 x 10"^  mol dm~^ [CTAB] = 2.0 x 10"^  mol 
dm"^ pH = 5.0, temp. = 70 °C. 
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10'[Salt](moldm"') 
Fig. 4.23: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Ni(II)-Gly-Leu]^ complex with ninhydrin. Reaction 
conditions: [Ni(II)-Gly-Leu^] = 2.0 x 10"''mol dm~^ [ninhydrin] 
= 6.0 X 10"^  mol dm"^ [CTAB] = 2.0 x 10"^  mol dm"\ pH = 5.0, 
temp. = 70 °C. 
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10'[Salt](moldm"') 
Fig. 4.24: Effect of NaBenz (A), NaSal (B), and NaTos (C) on the reaction 
rate of [Cu(II)-Gly-Leu]"^ complex with ninhydrin. Reaction 
conditions: [Cu(II)-Gly-Leu^] = 2.0 x lO 'Vol dm""^  [ninhydrin] 
= 6.0 X 10"^  mol dm~\ [CTAB] = 2.0 x 10~^  mol dm~\ pH - 5.0, 
temp. = 70 °C. 
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evolved in the present case. Evidently, metal inhibits the cleavage of -COO 
group by reducing its escaping tendency and by enhancing the electrophilic 
character of >C=0 group. The probable mechanism. Scheme 4.1, has been 
proposed on the basis of the above considerations. 
200 
X H , 
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NH T NH2 
H20= 
-| ^0H2 
OH2 
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trf 
(B) 
n+ 
(P) 
(M= Cr, Ni, Cu; n=2 for Cr, n=lfor Ni and Cu) 
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(M= Cr, Ni, Cu; n=2 for Cr, n=l for Ni and Cu) 
Scheme 4.1-B: The scheme of metal-Gly-Leu complex-ninhydrin reaction. 
202 
The proposed mechanism involves two kinetically distinguishable 
steps: (i) a rapid ternary labile complex formation between [Met-Pep]""^ 
complex and ninhydrin, and (ii) a slower condensation of amino group to 
carbonyl group. 
On the basis of the observed rate law (eq. (4.1)) and the proposed 
mechanism (Scheme 4.1), the following rate equation is derived: 
d[P]/dt = kK[N] [Met-Pep"^]/ (1+K[N]) (4.2) 
Eq. (4.2), when compared with eq. (4.1), gives 
kobs-kK[N]/(l+K[N]) (4.3) 
where [N] is the total concentration of ninhydrin. Rearrangement of eq. (4.3) 
gives 
l /kobs=l /k+l /kK[N] (4.4) 
Thus, a plot of 1/kobs versus 1/[N] should give a straight line with an 
intercept ( = 1/k ) and a positive slope (= 1/kK ) which is found to be the case 
for each metal-peptide complex and thus confirms the validity of proposed 
mechanism. The respective values of k and K were then calculated for each 
case. Calculated values of rate constants, kcai, obtained by substituting k and K 
in eq. (4.3), are in close agreement with the kobs-
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(B) Reactions in Presence of CTAB Micelles 
As no change in the position of maximum absorbance (kmax) was 
observed in the presence of CTAB micelles (Figs. 2.2 - 2.4, 2.6 - 2.8), it was 
inferred that the same product is formed both in the aqueous and aqueous 
micellar media. It has been proposed that micelles may cause a change m 
aqueous reaction mechanism. In order to confirm the proposed mechanism 
(Scheme 4.1), the effect of [Met-Pep"*], [ninhydrin], pH and temperature were, 
therefore, also studied in the presence of 20 X 10"' mol dm"' CTAB. It was 
found that the reaction follows the same first-order and fractional-order 
kinetics with respect to [Met-Pep"^] and [ninhydrin], respectively, in the 
micellar medium too. Thus, we can conclude that reaction mechanism remains 
the same in the presence of CTAB micelles as that in the aqueous medium with 
all possible intermediary situations. 
Surfactant micelles provide an unusual medium which may affect the 
reaction rate in more than one way^'^: (i) a decrease in entropy of the reactants 
arising due to their binding on the micellar surface, i.e., by virtue of relatively 
higher concentration of reactants in micellar phase in comparison to bulk 
phase, (ii) a high degree of closeness attained by reactants in the micellar 
phase, and (iii) relative stabilization or destabilization of substrate arising due 
to electrostatic and hydrophobic interactions between substrate and micelles. 
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The rate increase observed for metal-peptide and ninhydrin reactions 
upon addition of CTAB micelles may also be explained on the basis ofpseudo-
phase model of micelles (as has been discussed in Chapter 3). The same 
reaction Scheme may be given (as shown in Scheme 3.2) for the present case; 
here Pep stands for the metal-peptide complex. 
Although several kinetic equations based on the general Scheme 3.2 
have been developed, the most successful appears to be that of Bunton"'^° who 
suggested eq. (4.5) which takes into account the solubilization of both the 
reactants into the micelles as well as mass action model 
kw[N] + (Ks kn, - k^) M N ' [D„] 
K- (4.5) 
1+ Ks [D„] 
Ks is the binding constant of the complex to the micelles. The values of km and 
Ks were calculated as detailed in Chapter 3. The best fit values are given in 
Tables 4.43 - 4.48. 
Effect of temperature on the micellar-catalyzed reactions of metal-
peptide complexes with ninhydrin in the presence of 20 x 10""' mol dm'^  CTAB 
was used to evaluate activation parameters such as A//^ and AS .^ The fitting of 
the observed rate constant values at different temperatures to Eyring equation 
was examined (Tables 4.19 - 4.24) and it was found that the Eyring equation is 
applicable to the micellar media, and the sensitivity of micelle structure to 
temperature is kinetically unimportant. The difference of activation parameters 
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TABLE 4.43 
Values of rate parameters (k^, k2"', k^ and kw/k2"') and binding constants (Ks, 
KN) for the reaction of [Cr(III)-Gly-Gly]^'^ and ninhydrin in micellar media. 
Reaction conditions: 
[Cr(III)-Gly-Gly^'"l 
[ninhydrin] 
pH 
Temperature 
= 
=: 
= 
= 
2.0 X 10~^  mol dm~^  
6.0 X 10~^  mol dm"^ 
5,0 
70 °C 
Parameters and Values 
Constants 
1 0 ' U s - ' ) 
10^k2'"(mor'dm^s"'r 
10^kw(mor'dm^s-') 
kw/kj" 
Ks (mol"' dm^) 
KN (mof' dm^) 
6.6 
9.2 
2.4 
0.26 
18.7 
67.0 
^second-order rate constants (k2'") are based on eq. (3.12). 
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TABLE 4.45 
Values of rate parameters (k^, k2"', k^ and kw/k2'") and binding constants (Ks, 
KN) for the reaction of [Ni(II)-Gly-Gly]^ and ninhydrin in micellar media. 
Reaction conditions: 
[Ni(II)-Gly-Gly^] 
[ninhydrin] 
pH 
Temperature 
= l-OxlO'^moldm"^ 
= 6.0xl0"^moldm'^ 
= 5.0 
= 70 °C 
Parameters and 
Constants 
lO'k^s- ' ) 
10^  k2"'(mor' dm^ s"')" 
10^kw(mor'dm^s"') 
kw/k2'" 
Ks (mof' dm^) 
KN (moP' dm^) 
Values 
1.5 
2.1 
3.1 
1.5 
5.3 
84.0 
^second-order rate constants (k2'") are based on eq. (3.12). 
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TABLE 4.45 
Values of rate parameters (km, k2'", k,v and kw/k2'") and binding constants (Ks, 
KN) for the reaction of [Cu(II)-Gly-Gly]^ and ninhydrin in micellar media. 
Reaction conditions: 
[Cu(II)-Gly-Giy^] = 1.5 x 10"* mol dm"^ 
[ninhydrin] = 6.0 x 10"^  mol dm~^  
pH = 5.0 
Temperature = 70 °C 
Parameters and Values 
Constants 
lO'k^s- ') 3:0 
10'k2"'(mor'dm^s-'f 4.2 
10^  kw(mor' dm^ s"') 5.2 
kw/kz'" 1.2 
Ks (mor' dm^) 4.0 
KN (mor' dm^) 65.3 
^second-order rate constants (kz'") are based on eq. (3.12). 
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TABLE 4.46 
Values of rate parameters (km, k2"\ kw and kw/k2'") and binding constants (Ks, 
KN) for the reaction of [Cr(III)-Gly-Leu]^^ and ninhydrin in micellar media. 
Reaction conditions: 
[Cr(III)-Gly-Leu^^] 
[ninhydrin] 
pH 
Temperature 
- 2.0 X lO"' mol dm"^  
= 6.0x lO'^moldm"^ 
= 5.0 
= 70 °C 
Parameters and Values 
Constants 
10'km(s-') \A 
10'k2"'(mor'dm^ s"'f 1.9 
10' kw(mor' dm^ s'') 6.3 
kjki"" 3.3 
Ks(mor'dm') 25.6 
KN(mor'dm^) 61.2 
^second-order rate constants (k2'") are based on eq. (3.12). 
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TABLE 4.47 
Values of rate parameters (k^, ki"", kw and kw/k2'") and binding constants (Ks, 
KN) for the reaction of [Ni(II)-Gly-Leu]^ and ninhydrin in micellar media. 
Reaction conditions: 
[Ni(II)-Gly-Leu^] 
[ninhydrin] 
pH 
Temperature 
- 2.0xl0~''moldm"^ 
= 6.0 X 10'^  mol dm~^  
= 5.0 
- 70 °C 
Parameters and Values 
Constants 
10'k„,(s-') 
10^  k2"'(mor' dm^ s"')' 
10^  kw(mor' dm^ s"') 
kw/k2'" 
Ks (mor' dm )^ 
KN (mor' dm )^ 
6.3 
8.8 
3.5 
0.4 
43.2 
79.5 
^second-order rate constants (k2'") are based on eq. (3.12). 
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TABLE 4.48 
Values of rate parameters (km, k2'", kw and kw/k2"') and binding constants (Ks, 
KM) for the reaction of [Cu(II)-Gly-Leu]^ and ninhydrin in micellar media. 
Reaction conditions: 
[CulIO-Gly-Leu"^] 
[ninhydrin] 
pH 
Temperature 
= 2.0 X lO"'' mol dm"^  
= 6.0 X 10"^  mol dm"^  
= 5.0 
= 70 °C 
Parameters and 
constants 
10'k„(s-') 
10^k2'"(mor'dm^s-')' 
10^kw(mor'dm^s"') 
kw/kj-" 
Ks (mol"' dm^) 
KN (mol"' dm^) 
Values 
7.9 
11.0 
4.5 
0.4 
36.8 
73.5 
^second-order rate constants (k2'") are based on eq. (3.12). 
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in cationic CTAB micelles as compared to water is as expected, because 
incorporation of the reactants into the cationic micelles reduces the activation 
enthalpy. This decrease in A ^ with CTAB may be related to the low solubility 
of [Met-Pep]"* complex in the micellar phase relative to that in aqueous phase. 
The large decrease in A ^ shows that the transition state is well structured in 
the micellar phase. However, more useful explanation of A//^ and AS^ is not 
possible because the k^ is a complex function of true rate and binding 
constants. By comparing the values with those obtained in aqueous medium, 
we find that the presence of cationic micelles catalyze the reactions of 
[Met-Pep]""^ complexes with ninhydrin and lower the AH'^  with more negative 
AS'^ . The values of Eg clearly suggest that CTAB acts as a catalyst and provides 
a new reaction path with lower activation energy. This indicates the adsorption 
of both the reactants on the micellar surface as well as through stabilization of 
the transition state. 
Interestingly, the reactivity of metal-peptide complexes with ninhydrin 
are of the same order (Tables 4.7 - 4.12). The reported values of ionic size are 
1.27, 1.24, 1.28 A for chromium, nickel and copper, respectively. Thus, the 
size of all the complexes would approximately be the same and hence their 
approach/ penetration/ incorporation into the respective region of micelles 
would not differ and consequently would show the same reactivity with 
ninhydrin. 
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Due to the different properties of miceilarp^eM^/o-phase it is not possible 
to precisely locate the exact site of the reaction but, at least, localization of the 
reactants can be considered. It is well known that most of the micellar reactions 
involving an ionic and a neutral reactant as well as ionic micelles are believed 
to take place either inside the Stern layer or at the interface between the 
micellar surface and bulk water solvent.'^ ''^ ^ The interfacial water is known to 
be less polar and more structured than the bulk water. The observed catalytic 
effect of CTAB on the metal-peptide complexes and ninhydrin reactions can be 
easily explained as follows. Simply based on electrostatic considerations, the 
ninhydrin (due to presence of an electron cloud on it') comes closer to the 
cationic CTAB micellar surface that increases the local molarities in the Stem 
layer. As regards the complex, the removal of water molecules from the inner 
solvation shell of metal by the coordinated peptide gives the complex some 
hydrophobic character (despite of bearing a positive charge). Due to this 
hydrophobic nature, the complex gets incorporated into the micelles. The 
micelles thus help in bringing the ninhydrin and the [Met-Pep]"^ complex close 
together into a small volume, i.e., Stem layer, wherein it may now orient in a 
manner suitable for the condensation (a possible arrangement - although highly 
schematic - could be as shown in Fig. 4.25). 
With progressive increase in [CTAB], the obser\'ed rate constants for 
condensation of ninhydrin into metal-peptides increased, reached maximum 
value, and then decreased. At surfactant concentrations corresponding to the 
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/CH3 
R=-H (Gly-Gly); R=-CH2-CH'^ (Gly-Leu) 
\CH3 
Fig. 4.25: Schematic model showing probable location of 
reactants for the cationic micellar catalyzed 
condensation reaction between metal-peptide complex 
and ninhydrin. 
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maxima in k,,; - [CTAB] profiles, practically all of the substrate has been 
incorporated into the micellar phase. As such, addition of more CTAB 
generates more cationic micelles which simply take up the ninhydrin molecule 
into the Stern - layer, and thereby deactivate them, because a ninhydrin 
molecule in one micelle should not react with the complex in another. 
Another reason of decrease in k^^ could perhaps be due to competition between 
the counterion and ninhydrin on the micellar surface. 
Micellar surfaces are water rich but are not as polar as bulk water and 
does not provide a uniform reaction medium because micelle is a porous cluster 
with a rough surface and deep water filled cavities. Different values of kw/ka"^  
(Tables 4.43 - 4.48) obtained for metal-peptide complexes may simply reflect 
the above facts. On the other hand, the variation in kw/k2'" are not related in any 
obvious way to estimate polarities of micellar surfaces. 
The conventional second-order rate constants (k2'", mol dm^ s') for the 
reactions in the Stem layer were calculated using eq. (3.12). Generally, kw>k2'^  
for many bimolecular reactions in aqueous and micellar pseudo-phases?'^'^^ 
However, there are many examples in which k2'^  are similar in magnitude with 
kvv. It has been assumed that overall rate enhancement of bimolecular 
reactions are due to the association/ incorporation of both the reactants in the 
small volume of the micellar pseudo-phasQ. 
The salt effect on micellar catalysis should be considered in the light of 
competition with the substrate molecule that may interact with the micelles 
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electrostatically and hydrophobically and structural changes which occur on 
salt addition.^ ^ Rate enhancement or inhibition of micellar catalysis by added 
electrolytes can be due to the change in shape and size^ *^  of micelles and/or 
exclusion of the reactants from the micellar/?^ eM<^o-phase. ' 
The effect of inorganic salts (NaCl, NaBr, Na2S04) on the reaction rate 
do not show any systematic pattern (Figs. 4.13 - 4.18). Most probably the 
change in the reactivity is a combined effect of the change in the 
microenvironment of reagents resulting from a change in their location in 
micelle, in the ionic force, etc. However, hydrophobic salts, sodium benzoate 
(NaBenz), sodium salicylate (NaSal), and sodium tosylate (NaTos) give 
marked rate enhancement at low salt concentrations, passing through a 
maximum as the [salt] is increased (Figs. 4.19 - 4.24). With such hydrophobic 
salts, penetration of the benzene ring into the micellar palisade layer (a few 
carbon atoms deep toward core) takes place with the carboxylate group 
remaining in the outermost region of the micelle (a case of intercalation).^ ^ 
Therefore, in addition to neutralization of micellar surface charge, they restrict 
interior solubilization of reactants causing an increase in concentration of the 
latter in the Stem layer; the reaction is thus catalyzed. As we increase the [salt], 
the above site will be saturated. Once this site is fully occupied, additional salt 
will try to get adsorbed at the micellar surface (a case of adsorption) and will 
thus compete for a site with reactants (a case of benzoate, salicylate and 
tosylate ions' association in the form of adsorption). Consequently, [reactant] is 
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decreased at the reaction site by the latter effect (exclusion of substrate). The 
progressive withdrawal of the substrate from the reaction site would slow down 
the rate, as was indeed observed. Possibly the above two effects work together 
on salt addition and the resultant effect is a function of [salt]. Another factor 
which could inhibit the rate is the possible micellar growth at higher [salt] as 
reflected by viscosity data (Figs. 4.26- 4.31). In the present case, the change in 
morphology from spheroidal micelles to rod-shaped (as inferred by viscosity 
increase^" (Tables 4.49 - 4.54)) would have certain changes on the 
characteristics of the micelles. In the rod-shaped micelles, the counterion 
adsorption is not identical at every place in the micelles, e.g., preferential 
adsorption of counterions to the central cylindrical part of the micelles take 
place. At the cylindrical part of the micelle, ionic interaction with the reactants 
and, therefore, the reaction rate, is expected to be suppressed, this is indeed 
observed at higher concentrations of organic counterions where rod-shaped 
micelles are the bulk entity. 
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TABLE 4.49 
Effect of organic salts on relative viscosity (rjr) for the reaction of [Cr(III)-Gly-
Gly]^ ^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Gly'"] = 2.0 x 10"' mo! dm-' 
[ninhydrin] = 6.0 x 10"' mol dm"' 
[CTAB] = 2.0x10"^ mol dm"' 
pH = 5.0 
Temperature = 70 °C 
10'[salt] 
(mol dm"') 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
NaBenz 
1.1 
1.2 
1.2 
1.4 
1.4 
1.6 
1.8 
2.0 
2.2 
2.2 
2.3 
2.3 
Tlr 
NaSal 
1.3 
1.5 
1.6 
2.2 
2.5 
2.9 
3.9 
6.6 
9.8 
11.2 
12.3 
13.7 
NaTos 
1.2 
1.4 
1.5 
2.5 
2.8 
3.3 
3.5 
7.1 
10.1 
12.0 
12.4 
13.9 
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TABLE 4.50 
Effect of organic salts on relative viscosity (rjr) for the reaction of [Ni(II)-Gly-
Gly]^ with ninhydrin. 
Reaction conditions: 
[Ni(ll)-Gly-Gly"] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0x10"" 
= 6.0x10" 
= 2.0x10" 
= 5.0 
= 70 °C 
^ mol dm~^  
^ mol dm"'' 
^ mol dm"^ 
Tir 
NaBenz NaSal 
1.1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.1 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
5.3 
7.5 
9.0 
11.3 
11.8 
NaTos 
1.2 
1.4 
1.2 
1.2 
1.3 
1.3 
1.5 
2.8 
7.8 
8.8 • 
9.5 
10.2 
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TABLE 4.51 
Effect of organic salts on relative viscosity (rir) for the reaction of [Cu(II)-Gly-
Gly]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Gly1 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 1.5x10" 
= 6.0x10" 
= 2.0x10" 
= 5.0 
= 70 °C 
^ mol dm"'' 
^ mol dm"'' 
^ mol dm"'' 
Tlr 
NaBenz NaSal 
1.1 
1.1 
l.l 
1.2 
1.2 
1.2 
1.3 
1.4 
1.5 
1.6 
1.6 
1.7 
1.1 
1.1 
l.l 
1.2 
1.2 
1.3 
1.5 
6.5 
9.0 
10.5 
11.8 
12.2 
NaTos 
1.2 
1.2 
1.3 
1.3 
1.4 
1.5 
1.8 
5.9 
8.2 
11.2 
12.5 
13.1 
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TABLE 4.52 
Effect of organic salts on relative viscosity (rir) for the reaction of [Cr(III)-Gly-
Leu]^ ^ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Leu-'] 
[ninhydrin] 
[CTAB] 
pH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0x10" 
= 6.0 X 10' 
= 2 .0x10 ' 
= 5.0 
= 70 °C 
'' mol dm'^ 
^ mol dm'^ 
^ mol dm'^ 
nt 
NaBenz NaSal 
1.1 
1.1 
1.2 
1.4 
1.4 
1.6 
1.7 
2.1 
2.2 
2.3 
2.3 
2.4 
1.2 
1.1 
1.8 
1.9 
2.1 
2.4 
2.5 
5.3 
10.0 
10.5 
12.4 
13.7 
NaTos 
1.1 
1.2 
1.3 
1.3 
1.4 
2.4 
2.5 
3.6 
10.5 
12.2 
13.7 
13.9 
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TABLE 4.53 
Effect of organic salts on relative viscosity (rir) for the reaction of [Ni(II)-Gly-
Leu]^ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Leu''] 
[ninhydrin] 
[CTAB] 
PH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0x10" 
= 6.0x10" 
= 2.0x10" 
= 5.0 
- 70 °C 
'' mol dm"^  
^ mol dm"^ 
^ mol dm"^  
Tir 
NaBenz NaSal 
1.1 
1.1 
1.2 
1.2 
1.3 
1.5 
1.7 
1.8 
1.9 
2.1 
2.2 
2.2 
1.1 
1.2 
1.5 
1.7 
1.7 
1.9 
2.1 
5.2 
11.0 
11.9 
12.0 
12.7 
NaTos 
1.3 
1.4 
1.5 
1.7 
1.7 
1.7 
1.9 
3.7 
12.1 
12.4 
13.1 
13.9 
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TABLE 4.54 
Effect of organic salts on relative viscosity (r|r) for the reaction of [Cu(II)-Gly-
Leu]^ with ninhydrin. 
Reaction conditions: 
[Cu(II)-Gly-Leul 
[ninhydrin] 
[CTAB] 
PH 
Temperature 
10^  [salt] 
(mol dm~ )^ 
0.2 
0.5 
1 
3 
5 
7 
10 
20 
30 
40 
50 
60 
= 2.0 X 10" 
= 6.0x10-
= 2.0x10-
= 5.0 
= 70 °C 
'' mol dm ^  
• 1 - 1 
mol dm' 
mol dm' 
Tlr 
NaBenz NaSal 
1.4 
1.5 
1.5 
1.5 
1.6 
1.6 
1.8 
1.9 
1.9 
2.1 
2.1 
2.2 
1.2 
1.2 
1.5 
1.8 
1.9 
2.0 
2.1 
4.2 
8.6 
9.0 
12.0 
13.4 
NaTos 
1.3 
1.3 . 
1.3 
1.7 
1.7 
2.0 
2.4 
5.0 
6.6 
9.6 
11.3 
13.8 
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15-r 
10-
lO'[Salt](moldni"') 
Fig. 4.26: Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Cr(III)-Gly-Gly]^^ complex with ninhydrin. 
,2+1 •^-4 Reaction conditions: [Cr(III)-Gly-Gly' ] - 2.0 x 10'^  mol dni"^ 
-3 [ninhydrin] = 6.0 x 10"' mol dm"', [CTAB] = 2.0 x 10"' mol 
dm"^ pH = 5.0, temp. = 70 °C. 
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10'[Salt](moldm"') 
Fig. 4.27: Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Ni(II)-Gly-Gly]^ complex with ninhydrin. Reaction 
conditions: [Ni(II)-Gly-Gly*] = 2.0 x 10"* mol dm"^ [ninhydrin] 
= 6.0 X 10'^  mol dm"^ [CTAB] = 2.0 x 10"^  mol dm~\ pH = 5.0, 
temp. = 70 °C. 
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Fig. 4.28: Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Cu(II)-GIy-Gly]^ complex with ninhydrin. Reaction 
conditions: [Cu(II)-Gly-Gly^] = 1.5 x IC^mol dm'\ [ninhydrin] 
= 6.0 X 10"^  mol dm~\ [CTAB]= 2.0 x 10"^  mol dm'\ pH = 5.0, 
temp. = 70 °C. 
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15-, 
10-
10'[Salt](moldm"') 
Fig. 4.29: Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Cr(III)-GIy-Leu]^^ complex with ninhydrin. 
Reaction conditions: [Cr(IIl)-Gly-Leu^^] = 2.0 x 10'" mol dm""', 
[ninhydrin] = 6.0 x 10"^  mol dm"\ [CTAB] = 2.0 x 10'^  mol 
dm"^ pH = 5.0, temp. = 70 °C. 
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l0'[Salt](moldm"') 
Fig. 4.30: ' Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Ni(II)-Gly-Leu]'^  complex with ninhydrin. Reaction 
conditions: [Ni(Il)-Gly-Leu^] = 2.0 x 10"'* mol dm'\ [ninhydrin] 
= 6.0 X 10"^  mol dm"\ [CTAB] = 2.0 x 10'^  mol dm~\ pH = 5.0, 
temp. = 70 °C. 
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15n 
10-
10'[Salt](moldm"') 
Fig. 4.31: Effect of NaBenz (A), NaSal (B), and NaTos (C) on solution 
viscosity of [Cu(II)-Gly-Leu]^ complex with ninhydrin. Reaction 
conditions: [Cu(n)-Gly-Leu^] = 2.0 x 10~'*mol dm~\ [ninhydrin] 
-3 
= 6.0 X 10"' mol Am'\ [CTAB] = 2.0 x 10"' mol dm"', pH = 5.0, 
temp. - 70 °C. 
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